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The effectiveness of auditory frontalis EMG feedback as a means of
teaching general relaxation to spastic and athetoid cerebral palsy individ-
uals was investigated in a pilot study. It was hypothesized that an in-
crease in voluntary ability to reduce levels of muscle activity would trans-
late into improved functional skills and act as an effective coping response
in dealing with stress and anxiety.

Two subjects - one athetoid (female; 16 years old) and the other
spastic (male; 19 years old were studied in depth, each through the use of
an A-B-A single-subject design, where the B phase consisted of ten 15-minute
sessions of auditory feedback of the frontalis muscle. Generalization of
relaxation was assessed by monitoring forearm flexor and extensor muscle
activity, peripheral skin temperature, and respiration rate. A Tektronix
4051 desktop computer was utilized to facilitate data management. In addi-
tion to the physiological measures, functional evaluations were oconducted
prior to and after training and a questionnaire was answered by the sub-
ject's relatives. Although there was no clear tendency for either subject
to reduce absolute levels of EMG, one subject demonstrated a striking reduc-
tion in variability of muscle activity acfoss sessions. Functional assess-

ments for these subjects indicated mild to moderate improvements.
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CHAPTER I

INTRODUCTION

1.0 Background
Cerebral palsy is a neurologically-based disorder with primary in-

volvement in the area of motor dysfunction, but which can also be manifested
in perceptual and intellectual deficits. It arises from brain damage at or
near the time of birth through a variety of causes: pre-natally, for example
due to German Measles; natally, for example due to anoxia during the birth
process; and post-natally, for example due to traumatic head injury. The
brain damage can result from a lack of oxygen, traumatic tissue damage or an
improper balance of chemical nutrients to the brain, which is going through
a rapid and crucial stage of development at this time. Some people may be
only mildly affected, so that the oondition is barely noticeable, while
others may be so severely affected that they cannot physically do anything
for themselves -~ even though they may be very intelligent. The degree of

involvement varies depending upon the extent of underlying organic damage



and in order to express a particular type of involvement of cerebral palsy,
descriptive categories have been devised with such names as spastic,
athetoid, and ataxic. These names, however, only provide a gross
description and say little about an individual's abilities or disabilities.

The traditional treatment of cerebral palsy involves a multidis-
ciplinary approach which includes physiotherapy, occupational therapy,
speech therapy, and surgical management aimed at correcting orthopaedic de-
formities arising from an imbalance of an individual's muscle activity (both
hypotonicity and hypertonicity). Other treatments less radical than surgery
have also been employed to bring relief from hypertonic or spastic muscles.
Pharmacotherapy with medications such as diazepam (Valium) and dantrolene
sodium (Dantrium) are regularly prescribed as muscle relaxants. Unfortun-
ately, problems develop with the use of medication. Although effective in
the suppression of hypertonicity, medication can interfere with purposeful
movement and may have negative side effects, for example sedation, drowsi-
ness, bizzare behaviour, and loss of head control (Landau, 1974). Develop-
ing a tolerance to medication over time also poses difficulties for the
cerebral palsy individual.

Surgical intervention is also not without its drawbacks. Relief
may be only temporary, and negative side effects to the health of the
patient may follow an operation, including psychological trauma. As well,
the patient must spend time in acute care at a hospital at a high financial
cost.

A basic principle of all interventions with cerebral palsy,
regardless of the specific method used is the physical reeducation of the

body's motor apparatus in order to facilitate more adequate functioning. In



this respect relaxation of muscle tone is a frequent goal in the habilitat-
ion of the individual with cerebral palsy. According to Pohl (1950) “the
first endeavour in treatment is to reduce excessive tension and/or involun-~
tary activity of the muscle" (pg. 27).

A number of approaches to reduce hypertonicity have been develop-
ed in the field of physiotherapy and these include "facilitation" techniques
such as proper positioning, seating, vibration, massage, and guided or pas-
sive movement. All of these techniques have as a theoretical platform, the
assumption that normalization of muscle tone will allow the individual with
cerebral palsy to achieve more normal and functional motor patterns. Unfor-
tunately these methods, in addition to surgery and medication, are all ap-
plied to a patient who is only a passive recipient of treatment which acts
unconsciously. Spasticity is not only under unconscious oontrol but also
under cortical or oonscious control and the above-mentioned techniques do
not always address this dual control.

Both Bobath (1971) and Rood (1956) physical therapy systems advo-
cate and incorporate normalization of tone as part of their approach. It is
important to recognize, however, that there is a paucity of hard scientific
evidence which provide support for the use of any of the methods mentioned.

An approach to reduce levels of muscle hyperactivity, with scien-
tific support, is the progressive relaxation technique developed by BEimund
Jacobson in the 1930's. This method, which involves the sequential tensing
and relaxing of specific muscle groups throughout the body, has an impres-—
sive data base regarding its effects with a non-neurologically disabled pop-
ulation. It has been suggested that progressive relaxation be gpplied with
cerebral palsy subjects. However, only one such study has appeared in the



literature. Ortega (1978) performed this study using the Minnesota Rate of
Manipulation Test (MRMT) as the primary dependent measure. This test meas~
ures hand function through the timing of placing round disks into appropri-
ate holes. Four adult (age range: 29-49) subjects with cerebral palsy, em—
ployed in a sheltered workshop, practiced progressive relaxation every day
during experimental periods that were different for each subject (12,15,20,
and 25 days). An overall improvement of 24% (range: 11% - 40%) for all sub-
jects was demonstrated by MRMT scores. Interestingly, subjective claims of
improvements in other areas were also reported. A three-week follow-up did,
however, indicate a slight deterioration.

It must be noted that caution should be exercised when drawing
conclusions from this and other relaxation studies in cerebral palsy for a
number of reasons: (1) there needs to be a control for sitting quietly; (2)
the possibility exists for a higher task motivation during the experiment;
(3) the ecological validity of dependent measures is questionable; (4) there
is not enough data regarding carryover effects; and (5) there is a need to
know more about mechanisms of change.

A parallel approach to progressive relaxation has evolved through
the utilization of electromyographic (EMG) biofeedback because not all per-
sons with cerebral palsy can practice progressive relaxation exercises due
to their degree of involvement. As well, feedback of muscle activity has
been shown to ameliorate the effects of relaxation. A serendipitous discov-
ery was made by Finley (1976) who was trying to teach a subject with cere-
bral palsy sensorimotor EEG rhythm but could not get accurate recording of
brain-wave activity due to extremely high levels of frontalis EMG. He then

trained the subject to reduce frontalis FMG with no therapeutic intent but



found that the subject showed numerous benefits such as functional improve-
ments. Two subsequent studies by Finley (discussed in more detail in chap-
ter IV) using frontalis EMG feedback resulted in both learned reduction of
frontalis EMG levels and mild to moderate gains in a wide range of function—

al abilities in subjects with cerebral palsy.

1.1 Aim of study

The aim of this research study was to replicate and extend Fin-
ley's findings on a pilot study level. That is, to teach individuals with
cerebral palsy to relax using frontalis EMG feedback as an aid to general
relaxation and to assess the effectiveness through ocbjective measurements of
physiological and functional clinical measures. It was decided to proceed
on a pilot study level in order to identify problems with such an approach
and to become more familiar with the technique so that it oould be applied
to a larger group of subjects after refinement. In an attempt to retain
maximum control over the experimental variables and to clearly identify the
benefits of EMG feedback, only auditory frontalis EMG feedback was used for

training.



CHAPTER II

METHODS AND MATERIALS

2.0 Introduction

A pilot study incorporating a single-subject A-B-A design was em-
ployed to determine whether auditory frontalis EMG biofeedback relaxation
training in a cerebral palsy individual reduces general bodily arousal lev-
els. It was hoped that this would lead to an improvement in functional mot-
or skills and provide a coping response with which an individual with cere-
bral palsy could effectively deal with stress and anxiety.

EMG from three muscle sites, frontalis, right forearm extensors,
and right forearm flexors, as well as peripheral surface temperature of the
right index finger and respiration rate were monitored to provide an abjec-
tive measure of the physiological aspects of relaxation.

Following a typical biofeedback paradigm, auditory feedback of

frontalis activity was provided in phase B to assist relaxation. The other



parameters merely served as abservational indices. To preclude any confoun—
ding variables the experimental setting remained oconstant, no specific re-
laxation instructions were given, and no additional therapies or medication
changes were allowed.

This chapter serves to describe the experimental design and proto-

col in addition to experimental facilities and data management.

2.1 Subjects
Two young adults with cerebral palsy, one female (B.S.), aged 16,

and the other, male (T.D.), aged 19, were selected for this study. B.S. was
a moderately involved athetoid quadriplegic, ambulatory and verbal but with
coordination and speech deficiencies. On the other hand T.D. was a severely
involved spastic quadriplegic, non-verbal, and non-ambulatory. He was, how-
ever, independently mobile with a manual wheelchair. More camprehensive
descriptions are provided in sections 3.1.1 and 3.2.1.

Both subjects were given an explanation of the nature of the study
including the fact that no beneficial or therapeutic effects were promised
as a result of their participation. Informed consent (see Appendix A-1l) was
obtained prior to beginning the study which had been approved by the Re-

search Review Committee of the Ontario Crippled Children's Centre, Toronto.

2,2 Experimental facility

Al]l sessions were conducted in a 4x5 metre partitioned area of the
Biofeedback Research Project's work area. Efforts were made to provide a
stable environment conducive to relaxation by attenuating the brightness of
the lights, and by eliminating telephone calls and/or other interruptions.



In order mot to interfere with the subject, all monitoring equipment was
kept away from the subject's view behind a partition and cables from the EMG
and temperature sensors led to their respective monitors. A comfortable,
reclining easy chair was available but only B.S. was able to make use of it
as T.D. was oconfined to a wheelchair.

EMG signals from the three muscle sites were processed through
three feedback myograph units Model 1700, Autogen System Incorporated, Ber-
keley, California. Built-in meters on each device indicated instantaneous
muscle activity and the integrated, bandpass filtered EMG output was record-
ed and further processed through a Tektronix 4051 desktop computer.

One unit monitoring frontalis activity provided feedback in the
form of a continuous clicking noise that varied in rate logarithmically to
the EMG signal. This feedback was presented ocontinuously in an analog form,
during the intervention period of phase B. A fast rate of clicks represent-
ed a tight muscle and conversely the rate of clicks slowed down as the mus-
cle relaxed.

Beckman miniature bipolar surface electrodes were arranged in sets
of three (two active and one reference electrode) (see Appendix A-5) over the
three appropriate muscle sites in order to pick up the EMG activity. Spac-
ing and location remained constant between sessions so that signal differ-
ences due to placement were minimized.

A single Yellow Springs Precision Thermistor attached to the right
index finger sensed peripheral skin temperature. This thermistor was used
in conjunction with a Model 2000b thermometer, Autogen System Incorporated,
Berkeley, California, which in turn fed into the Tektronix 4051 which recor-

ded and further processed the temperature signal. The thermometer had a



capability of resolving absolute and derivative temperatures to 0.025°F
(0.045°C). Derivative temperature refers to the rate of change of tempera-
ture which the Autogen 2000b thermometer is capable of determining.

Another Autogen 2000b thermometer was employed in monitoring res-
piration rate in oconjunction with a thermistor taped below the subject's
nostril and with an OCCC Time Event Counter (TEC). As the person exhaled,
the thermometer would sense a positive change in temperature and produce a
constant positive DC signal that the TEC could detect. The TEC was thus
able to count the number of exhalations. When the person inhaled, the ther-
mometer registered a negative change in temperature as cool air entered the
nose. The TEC then waited until it ocould detect the next increase in temper-
ature that occurred with the following exhalation at which point it incre-
mented again. Due to an inability to interface the TEC with the Tektronix
4051, data oollection was manually performed.

Signals from the three myographs and single thermometer passed
through an AMS GPIB analog-to~-digital (A/D) oconvertor prior to manipulation
by the Tektronix 4051 and storage on magnetic tape. The use of a desktop
canputer simplified data ocollection and management and increased the rich-
ness of information obtained by being able to sample the signals much faster
and more objectively than oould be achieved manually. Software was written
in BASIC (see Appendix A-3) and included routines to graph the data from
each of the four channels immediately after the oonclusion of a session.
Statistical programmes were also written to handle the management of proces-
sed data.
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2.3 Protocol

2.3.1 Experimental design

A single-subject ABA design was selected for study incorporating
the following phases: pre-biofeedback evaluation; one adaptation session;
three baseline recordings of physiological indices (A;); ten frontal EMG
biofeedback sessions (B); three baseline sessions (Aj); and post-biofeed-
back reevaluation. During the baseline recordings of phase A;, the sub-
jects were asked to try to relax on their own for a 15-minute period follow-
ing 10 minutes of remaining still., Auditory feedback in the form of clicks
was provided ocontinuously for a 15-minute intervention period in phase B of
the study. Again this was preceded by a 10-minute period of remaining still
that constituted a baseline for that particular session. Phase A; in-
cluded equivalent sessions to Aj except there was no need for an adapta-
tion session.

In all sessions no specific instructions on relaxation strategies
(such as progressive relaxation or autogenic suggestions) were given. Prior
to the 10-minute baseline period of each session, the subject was asked to
remain as still as was possible and not be concerned with any uncontrollable
movements. The simple and brief instructions for the 15-minute intervention
period were to attempt relaxation and to use the clicks in phase B as an in-
dicator of tension that should be reduced.

At the oonclusion of each session, the data collected by the desk-
top computer was stored on magnetic tape and displayed in the form of graphs
so that the experimenter could visually interpret the subject's performance

that day.
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2.3.2 Pre- and post-biofeedback evaluations

Clinical evaluations were undertaken immediately prior to and fol-
lowing the baseline recording sessions in phases A} and A;. It was nec-
essary, however, to administer individualized assessments due to the differ-
ent manifestations associated with cerebral palsy that B.S. and T.D. exhib-
ited.

Speech was identified as one target behaviour that B.S. wished to
improve. Therefore, speech (oral muscular function) was evaluated. This
evaluation included physiological examinations of the oral mechanism, diado-
chokinetic testing (sustaining wvowel sounds), time to complete one state-
ment, word and phrase repetition measurements, and an articulation test.
Since B.S was ambulatory and had hand function, gait, hand function, and
psychological measures were also assessed. The Minnesota Rate of Manipula-
tion (1969) test was applied to evaluate hand function in conjunction with a
finger tapping test. Digit span, picture completion, picture arrangement,
block design, object assembly, coding, fluency, sentence memory, category,
and trail making provided psychological measurements of B.S.'s performance.

Assessments of T.D. were not as encompassing as with B.S. because
of his severe physical disability. Since T.D. had expressed a desire to
increase his ability to move both his arms his range of motion (ROM) of both
arms was assessed. A functional skill, typing with a head stick, was also
identified as a target behaviour he wished improved. Therefore, to satisfy
T.D's criteria for improvement this was adopted as a clinical dependent
measure and a typing exercise was administered. This exercise oconsisted of
two controlled 10-minute trials of typing as much of a paragraph as possible

from a typing manual. A different paragraph was used in each trial, but the
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same paragraphs were used in both pre- and post-biofeedback evaluations.

In addition to the assessments described above both subjects had a
family member complete a questionnaire (see Appendix A-2) and rate the sub-
ject in the areas of physical characteristics, functional activities, and
psychosocial factors. The rating consisted of a ocomparison of his/her be-
haviours, abilities, and/or qualities since relaxation training began, with

the period prior to training on an eleven point scale.

2.3.3 Adaptation session

Prior to the initial baseline recording session of phase A
both subjects were given an adaptation session in order to adjust to the new
situation. They were not asked specifically to relax but to simply play
with the feedback to get a feel for how they were able to oontrol the rate

of clicks.

2.3.4 Experimental set-up

At the start of each session the subject was seated in the parti-
tioned area of the room. B.S. sat comfortably in the reclining chair while
T.D. remained in his wheelchair throughout the session because of his depen-
dence upon the wheelchair. The areas of skin over the three muscle sites:
frontalis; right forearm extensors; and right forearm flexors, were thor-
oughly but gently rubbed with an alcohol swab. This swabbing preceded the
attachment of electrodes and served to remove the dead epidermal layer of
skin as well as surface body oils in order to achieve good electrode contact
with signal-to-sensor continuity. The hair on T.D.'s forearm extensor elec-

trode site was also shaven to ensure a clean signal.
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To facilitate the contact between the electrode and the skin, a
conductive gel was used to fill the depression or cup of the electrode.
Each of the three electrode assemblies consisted of two active and one re-
ference electrodes and these were attached to the skin with adhesive elec-
trode collars. ‘The reference electrode was placed centrally between the
other two sensors with a constant centre-to-centre spacing of 1.5 cm. Care
was taken to ensure that the same locations were used during each session.

A temperature thermistor was snugly attached by means of Micropore
tape to the dorsal side of the distal phalange (fingerprint area) of the
right index finger. It was necessary to be careful not to have the tape so
snug as to affect circulation in the fingertip. A second thermistor was
taped directly below one of the nostrils in order to monitor respiration
rate.

Shielded cables linked the electrodes and thermistors to their
respective monitoring units and after securing the sensors the quality of
each attachment was checked. For the electrodes this meant performing an
impedance rating of each active electrode utilizing the built-in impedance
check mode of the Autogen 1700 myographs. Any electrode with an impedance
greater than 70,000 ohms was checked and if need be removed, the skin pre-
pared again, and the electrode reapplied or replaced. The temperature mon-
itored by the finger thermistor was briefly examined to see that it was
reasonable and respiration rate was checked by cbserving that the Autogen
2000b and TEC responded to changes in temperature as the subject inhaled and
exhaled.

Camputer data acquisition began once assured of proper sensor con-

nections. Counting of breaths on the TEC also began at the same time. At
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the end of each minute, average integrated EMG (IEMG) values (in microvolts)
and the average fingertip temperature (in °F) were displayed in tabular form
on the Tektronix 4051 graphics screen along with corresponding standard dev-
iations. It must be noted that the microvolt values refer to the processed
EMG from the Autogen units and may not be equivalent to microvolt values

from another manufacturer's myograph unit (see Appendix A-5).

2.4 Signal processing

The EMG signal from each muscle underwent significant processing
prior to storage on magnetic tape. Initially, the signal was bandpass fil-
tered between 100-200 Hz. through a filter with the following characteris-
tics - high pass: 54 db/octave below 100 Hz.; and low pass: 24 db/octave
above 200 Hz. This bandpass was selected because of its good artifact re-
jection characteristics, high signal-to-noise ratio, and allowance for a
wide range of EMG activity within a particular scale setting. Experience
has shown this last factor to be important when working with an individual
with. cerebral palsy as their muscle spasms can easily generate large quanti-
ties of EMG that can go out of range within a particular scale setting.

Following bandpass filtering, the signal was transformed into a DC
signal between 0 and 3 volts which was linearly proportional to the integral
average EMG. 'The filtered EMG was full-wave rectified, integrated and scal-
ed/divided by the time constant of integration which was 50 msec. (see Ap~
pendix A-5). The audio click feedback varied with this signal, called ins-
tantaneous IEMG, at a logarithmically proportional rate.

Further smoothing of the signal was done prior to A/D conversion

through a 2.2-second RC circuit (see Appendix A-5) because of camputer proc-
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essing time limitations. The fastest sampling rate that the Tektronix 4051
could handle so that the means and standard deviations could be computed and
displayed each minute was 5 samples per second. With four channels of data
collection this meant that each channel was sampled at 1.25 Hz. Since an ad-
ditional channel was possible for future work a 2.2-second smoothing circuit
(0.45 Hz. upper bandpass filter) was constructed which the IEMG signal pas-
sed through. This smoothed the IEMG signal to satisfy the Nyquist require-
ment of having the sampling fregency (1.25 Hz.) at least twice the maximum
frequency component of the signal (0.45 Hz.).

During each minute sixty samples fram each of the four channels
were collected. This took the first forty-eight seconds of each minute and
the remaining twelve were spent computing means and standard deviations, and
displaying these in tabular form. The constraints of BASIC programming and
the physical characteristics of the Tektronix 4051 were responsible for this
lengthy processing time. A simple camparison of the mean IEMG processed by
the Textronix 4051 with the 50-second running-time IEMG average value dis-
played on a meter, on the Autogen 1700, revealed that the mean IEMG values
were the same. However, the Autogen 1700 was unable to provide a standard

deviation or indication of variation as the computer was able to do.

2.5 Statistical management of data

Two BASIC programmes (see Appendix A-3 and A-4) were devised, one
to acquire the data and calculate means and standard deviations and the
other to summarize the data and perform correlations between the three MG
and single temperature parameters. A standard programme was written and

used to calculate the t-statistics for the in-session difference between the
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intervention period and the baseline period. Respiration rate was not in-
cluded in the programme as it was not included in the computer data acquis-
ition system, and was therefore analysed by hand.

For analysis purposes, only the last 10 minutes of the interven-
tion period was compared with the 10-minute baseline. The same time period
was chosen so that the two groups of data would have an equal number of ob-
servations and also experience had shown that the first few minutes follow-
ing the introduction of feedback were needed to adjust to the task of con—
trolling the feedback. For the remainder of the discussion the last 10
minutes of the 15-minute intervention period will be referred to as the in-
tervention period or feedback period in phase B.

The following values were computed to summarize the minute means
and standard deviations of EMG and peripheral skin temperature for each ses-
sion:

1. Dbaseline period average;

2. intervention or feedback period average;

3. average change between baseline and intervention or feedback per-

4. ;:S'éent average change between baseline and intervention or feed-
back period;

5. standard deviation of baseline average; and

6. standard deviation of intervention or feedback period average.

All possible combinations of EMG and temperature means and stan—
dard deviations were then tested for significant correlation (P<0.05) within

each of the sixteen session. ‘The following formulae were utilized in

camputing the correlation coefficients, Lxy:



17

[ny; Zx ZY]
Sy = TR
RV
5% = N(N-1)
N Syt - ()
Sy =

For N=10 the correlation ocoefficient, r.,, must be greater
than 0.6319 to be significant using a two-tail test at a 5% level of signif-

icance (fram Table VII of Fisher and Yates: Statistical Tables for Biolog-

ical, Agricultural and Medical Research).




18

CHAPTER III

RESULTS

3.0 Introduction

Each subject participated in a total of sixteen biofeedback ses-
sions in addition to an introductory session and pre- and post-~ biofeedback
evaluations. Transportation constraints limited B.S. to attending three
times per week and T.D. twice weekly.

Due to the difference in severity and manifestations of cerebral
palsy exhibited between subjects, observations were treated as separate fol-
lowing a single-subject A-B-A design. ‘'hree principal areas of interest
were examined and are reported in this chapter, ‘These include: pre- and
post- biofeedback evaluations; differences in physiological parameters be-—
tween intervention or feedback period and the baseline period within each
and between sessions; and correlations between physiological parameters.
Physiological parameters oonsisted of: surface EMG from frontales, right
forearm extensor and right forearm flexor muscles; peripheral skin tempera-

ture of the right index finger; and respiration rate.
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3.1 Case study 1l: Subject B.S.

3.1.1 General description

B.S. was a l6-year-old female moderately involved with athetoid
cerebral palsy and who was quite familiar with the OCCC. She was ambulatory
and verbal but exhibited uncoordination while walicing and grasping cbjects,
and her speech was quite unintelligible except to a very attentive listener.
Socially, B.S. was active but she appeared to be immature in developing re-
lationships with others and she easily got 'crushes' on males around her.
This in fact presented a substantial problem with the male experimenters and

may have adversely affected the impact of the relaxation training.

3.1.2 Effects of biofeedback training on physiological parameters

3.1.2.1 Surface EMG

Surface EMG signals from frontalis, right forearm extensor, and
right forearm flexor muscles were recorded throughout the duration of each
session. On-going processing by a Tektronix 4051 desktop computer provided
mean values and their corresponding standard deviations for each minute from
the EMG signals. A typical graph indicating mean and standard deviation
values for IEMG that the Tektronix 4051 was able to produce is shown in Fig-
ure 3.1. Graphs for each muscle and session were produced and visually ins-—
pected prior to further analysis. Period averages are presented in Figures
3.2 and 3.3 for means and standard deviations respectively in the form of a
separate graph for each muscle site. Two lines on each graph are drawn: one
to represent an average of the baseline period; and the other to reflect an
average activity during the intervention or feedback period (last 10 minutes

of the biofeedback session).
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In the same figures a '+' or '-' sign below a session number indi-
cates whether a significant (P<0.05, t18>2.101) change between the
baseline period and feedback period occurred and in what direction the aver-
age value moved. An examination of Figure 3.2 reveals that the greatest
number of significant changes from baseline to feedback period (4 out of 6
negative changes in FB phase B) appear in frontalis EMG.

Absolute change in EMG levels from no-feedback phase A) to feed-
back phase B is greatest with the right forearm extensor. This can be at-
tributed to B.S. lifting her wrist playfully during the first session resul-
ting initially with high EMG readings. High extensor and flexor EMG levels
in mid phase B can also be ascribed to B.S. voluntarily moving her hand
about oontrary to instructions. During this time she had grown somewhat
bored with the sessions. ‘Therefore, at that point (after session 9) the
importance of relaxation was discussed again in more detail with her and her
performance improved afterwards.

Much more dramatic were the trends exhibited in Figure 3.3 with
standard deviation period averages. There are clear trends in reducing EMG
standard deviations in all muscles through the oourse of the study, disre-
garding mid phase B where standard deviations were high as a result of B.S.
moving her hand about. A comparison of phase A, with A; highlights the
changes that occurred. The trend is most apparent with frontalis, the feed-
back trained muscle, and is further demonstrated in Figure 3.4b. In this
figure, absolute changes in standard deviation between baseline and feedback
periods are plotted across sessions and compared with a similar plot of mean
changes in Figure 3.4a. It can be seen that while the plot of within ses-

sion changes of mean values of EMG across sessions does not clearly indicate
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any change in B.S.'s ability to relax, there is a visible effect of the bio-
feedback sessions upon standard deviation changes across sessions.

Another observation that can be gleaned fram Figure 3.4a and 3.4b
is that certain contradictions exist, as evident in sessions 2 and 11, be-
tween EMG mean changes and standard deviation changes. In session 2 the av-
erage mean level of frontalis EMG decreases during the intervention period
while average EMG standard deviations actually increase. The opposite sit-
uation to this - decreasing standard deviations with increasing mean levels

occurs in session 11.

3.1.2.2 Peripheral skin temperature

Peripheral skin temperature fram the right index finger was mea-
sured during each session and processed along with the EMG signals utilizing
the Tektronix 4051 which calculated minute means and standard deviations. A
typical session is exemplified by Figure 3.5 and period averages of means
is illustrated for all sessions in Figure 3.6. Similar to the EMG plots one
line represents the baseline period average while the other describes the
intervention or feedback period average. Again a '+' or '-=' sign below a

session number indicates whether a significant (P< 0.05,t,.>2.101)

18
change occurred from the baseline to the intervention or feedback period.
Although there did not appear to be a consistent pattern to absol-
ute temperature, which certainly has a considerable range across sessions,
there was a consistent and significant (11 out of 16 session) pattern of de-

creasing temperature during the intervention or feedback period. No visible

trends were apparent with standard deviations.
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3.1.2.3 Respiration rate

Some difficulties were encountered in the collection of this mea-
sure as the thermistor occassionally shifted with upper lip movement. This
was most likely due to irritation caused by the tape holding the thermistor
in place. A shift meant that some breaths may have been missed. An
additional error may have arisen in the manual reading of the exhalation
rate on the TEC at the minute mark. It is possible that a minute had an
extra breath attributed to it that should have been counted during the
previous or following minute. Therefore, period averages were camputed by
using the total sum of breaths for that period divided by the period length
(10 minutes). These period averages are plotted in Figure 3.7. No standard
deviations were calculated.

Even when considering possible errors there was a rather clear
decrease in respiration by the end of the study. It may be, however, that
B.S. became more comfortable with the experimentation over time and, as a

result, breathed in a more relaxed manner.

3.1.3 Correlations between physiological parameters

In order to test the hypothesis that relaxation of the frontalis
muscle will lead to "general relaxation", correlations between the various
physiological parameters were analysed. Respiration rate was, however, ex-
cluded as it was not part of the computer-aided data acquisition system and
recorded minute values were often unreliable.

Six possible combinations for correlation analysis exist between
the physiological indices. These are: frontalis IEMG/forearm extensor IEMG;

frontalis IEMG/forearm flexor IEMG; frontalis IEMG/index finger temperature;



SESSION
CORRELATION 1 2 3 4 5.6 7 8 91011 12 13| 14 15 16
AB +
AC +
between AD - - -
Mean BC + + + + + + + + +
values BD -
CD
AB +
AC + + +
between AD +
SD BC + + o+ + + + + + + + + + +
values BD + + +
| ’ CD + + +
AA + + + + + + + + +| + + +
between BB + + + + + + + + + + + + + +
Mean and CC + + + + + + + + + + + + + + + +
SD values DD

Table 3.1 Significant correlations (P<0.05) indicating direction of
correlation between phyiologlical parameters for subject B.S.
during baseline period (minutes 1-10)

frontalis EMG

right forearm extensor EMG
right forearm flexor EMG

right index finger temperature
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SESSION
CORRELATION 1 2 3 4 5 6 7 8 91011 12 13 14 15 16

AB + + +

AC + + -
between AD + -
Mean BC + + + + + + + + + + +
values BD - -

CD - + + +

AB + + +

AC
between AD -
SD BC + + + + + + + + +] + +
values BD + +

CD + + +

AA + + + + + + + + + +
between BB + + o+ + + + + + + + +| + +
Mean and CC + + + + + + + + + + + + + +
SD values DD +

Table 3.2 Significant correlations (P<0.05) indicating direction of
correlation between phyiological parameters for subject B.S.
during intervention period (minutes 16 - 25)

frontalis EMG

right forearm extensor EMG
right forearm flexor EMG

right index finger temperature

gowk
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forearm extensor IEMG/forearm flexor IEMG; forearm extensor IEMG/index fing-—
er temperature; and forearm flexor IEMG/index finger temperature.
Correlation coefficients (see section 2.5) were computed for each
of the above combinations between mean values alone and between standard
deviation values alone for the baseline period and intervention or feedback
period separately. Also, an additional correlation calculation was perform—
ed between mean values and their corresponding standard deviations for each
of the four parameters. All of the correlation coefficients are reported in
terms of their significance in Tables 3.1 and 3.2. Table 3.1 displays a
matrix indicating significant oorrelation (P<0.05) and direction of ocorre-
lation between physiological parameters across sessions during the baseline
period. The intervention of feedback periods are similarly analysed and
shown in Table 3.2. Immediately obvious is the strong correlation between a
mean EMG value and its standard deviation in both periods. There is also a
relatively strong positive correlation (indicated by high incidence) between
the forearm extensor and flexor muscles which is not surprising considering
that they are agonist/ antagonist muscles. Few correlations, however, exist
between frontalis and the forearm muscles. During the feedback period there
are three out of ten significant ocorrelations (with both mean and standard
deviation values) between frontalis and forearm extensors that did not exist
during the baseline period of those sessions but little else can be discern-

ed from the data.

3.1.4 Evaluations

3.1.4.1a Speech: Pre-biofeedback
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This assessment was oconducted and prepared by the Speech and Hear-
ing Department of the OCCC. In a physiological examination of the oral mec-
hanism B.S. demonstrated limited tongue movements and she was unable to lat-
eralize her tongue which tended to retract on each woluntary attempt. Upon
protrusion a mild tremor was moted. She illustrated great difficulty in
elevating and depressing the tongue both within and outside the oral cavity.
In order to assist in elevating her tongue outside of the mouth there was
noticeable jaw movement from the mandible and lip. Smiling both on cammand
and spontaneously was accomplished with good symmetry and movement.

Diadochokinetic testing demonstrated that B.S. was able to sustain
vowel sounds as follows:

1) (ah) - 3 seconds

2) (o) ~ 4 secords
3) (e) = 4 seconds
4) (o) - 3 seconds

where each time represents an average over several trials with each phona-
tion. B.S. was able, however, to count to 10 on a single breath.

During word and phrase repetition tests B.S. had no difficulty in
the repetition of single words and 2 or 3 word phrases. However intelligib-
ility was greatly reduced in the repetition of longer sentences and there
was an amission of articles. Voice quality was in a monotone and severely
dysarthric and B.S. was only able to read one paragraph of phonetically bal-
anced passage.

B.S. had the following errors in an articulation test:

- b/v in the final position

- k/p in the medial position

- all s and sh sounds were lateralized and sloppy
- t/ch in all positions

- t/th in initial position
- th omitted in medial and final position
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- there were almost no blends of initial oonsonants
present

3.1.4.1b Speech: Post-biofeedback

With regard to the functioning of B.S.'s oral musculature very
little change was noticed. Some improvements were abserved in sustaining
vowel sounds as follows:

1. (ah) - 10 seconds - an increase of 7 seconds

2. (ou) - 8 seconds - an increase of 4 seconds

3. (e) -~ 4 seconds - no change

4. (0) - 5 seconds - an increase of 1 second
Also, B.S. was now able to count up to 15 on a single breath, an improvement
of a oount of 5.

Little if any change was moted for word and phrase repetition,
voice quality, and articulation. However, the level of intelligibility of
reading a phonetically balanced paragraph appeared to have improved subject-
ively to the examiner and there seemed to be more change in the production

of _final oconsonants.

3.1.4.2a Hand function and psychological measures: Pre-biofeedback

A summary of the findings of sixteen measures is provided in Table
3.3. These tests were conducted by a childhood developmental consultant for

the OCCC Biofeedback Research Project.

3.1.4.2b Hand function and psychological measures: Post-biofeedback

These findings are listed with pre-biofeedback measures in Table
3.3, Out of a total of 16 measures no change was observed in 2 measures,

decreased performance in 2 measures (5% and 18%) and improved performance in
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Performance
Test Measure Pre-BFB Post-BFB Change
WISC-R Digit Span RS-8 8S-4 RS-9 §SS-5 +13%
Picture Completion RS-21 SS-9 RS-21 SS-9 0
Picture Arrangement RS-24 SS-7 RS-34 $5-10 +427%
Block Design RS-28 S5-6 RS-23 S§S-5 -187%
Object Assembly RS-20 SS-6 RS-28 SS-6 =5%
Coding RS-19 SS-1 RS-28 SS-1 +477%
Fluency X number 6.5 7 + 8%
Sentence Memory { number correct 14 17 +217%
Category Errors 71 35 +51%
Trails Making A - time 24" 17" +21%
(9-14 Battery) -~ errors 0 0
B - time 47" 40" +187%
- errors 0 1
A+B - time 71" 57" +20%
- errors 0 1
Finger Tapping | X number 14.33 1t. 15 1t. + 5%
' 12 rt. 12 rt. 0
Minnesota Rate |Unilateral 1 4'09" 3'09"
of Manipulate 2 3'59" 321"
Total 488" 390" +20%
Bilateral 1 4'55" 3'39"
2 340" 3'47"
Total 515" 446" +13%

Table 3.3 Summary of hand function/psychological measures for subject B.S.
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12 measures. The following is a breakdown of the distribution of improve-
ments:
- increased 5 -~ 15% : 4 measures
- increased 16 - 30% : 5 measures
- increased 42 - 51% : 3 measures
With regard to the significance of these findings, it is difficult
to make any conclusive statement since not enough is known about the effects
of repeated assessment with this population. As well, there is not any data
available to make valid comparisons bétween frontalis EMG biofeedback relax-

ation training and other treatment regimens.

3.1.4.3a Gait: Pre-biofeedback

In order to assess the effect of relaxation on B.S. walking a gait
study of B.S. in the OCCC gait laboratory was undertaken. At this time the
gait laboratory was in a stage of development and this assessment was more
or less an exercise in using the facility for evaluation. Results from this
pre~biofeedback assessment are discussed in conjunction with the posttreat-

ment evaluation of gait.

3.1.4.3b Gait: Post-biofeedback

An identical gait study to the pre-treatment study was performed.
Unfortunately, not all of the possible assessment technigues were operation-
al during both studies and as a result, only information concerning the re-
peatability of joint angle-time histories were available for analysis. How-
ever, if treatment was successful in reducing random movements it would be

expected that the repeatability of gait parameters would increase.
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Two gait runs (pre- and post-treatment) during which the speed of
walking was about 0.7 m/s. were compared. Somewhat surprisingly the second
study showed a loss in repeatability with regard to knee versus hip and ank-
le versus knee angles for four footsteps. During this study the poor re-
peatability may be attributed to a major extent to the variability of hip
angle at the onset of swing. The extension of the right hip at this time
had a mean value of 25.7° + 14.5° (+ SD) while on the left side, this value
was 1.7° + 1° of flexion. An odd reversal occurred in B.S.'s stance behav-
iour. In the first study she favoured her left side with a stance period of
0.97 + 0.06 seconds. This contradicted with the second study where she fav-
oured her right side spending 0.81 + 0.07 seconds on that side during stance
and only 0.65 + 0.03 seconds on the left side.

In summary, B.S. did not show any improvement in walking and in
fact her walking patterns appeared to be more variable or worse during the
post training assessment. However, not a great deal of weight can be ap-
plied to the gait assessment as its validity is questionable with a person

with athetoid cerebral palsy.

3.1.4.4 Questionnaire

The parents of B.S. rated her in a questionnaire (see Appendix
A-2) comparing her behaviour, abilities, and/or qualities since relaxation
training began with the period prior to training. Histogram summaries of
their responses are presented in Figure 3.8 in each of the three categories.
Category 1, physical characteristics, had eight out of eleven applicable
ratings. Category 2, functional activities, had five out seven possible

ratings applicable and the last category, psychosocial factors, had twelve,
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Category l: Physical characteristics Rating Scale
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Frequency change
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Figure 3.8:

Sumnary of questionnaire rating B.S.'s behaviour, abilities,
and quality changes since relaxation training began with the
period prior to training.
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all applicable, ratings. As can be seen from the histograms, very little
change occurred from the parent's point of view. Positive changes appeared
to be fairly well balanced with negative changes but with slightly more
gains in the physical characteristics category. The most positive changes
were in motor control and ability to relax on command. On the other hand

the most negative change appeared to be in B.S.'s self-image category.

3.2 Case study 2: Subject T.D.

3.2.1 General description

T.D. was a 19-year-old severely involved male diagnosed as having
predominantly spastic cerebral palsy with some athetosis. Although non-ver-
bal, T.D. was quite communicative with a headstick pointer and alphabet
board or typewriter. He was independently mobile with a manual wheelchair
that he propelled with his feet but was unable to feed, dress, or transfer
himself. Due to the nature of his cerebral palsy, spasticity varied day-by-
day and with his level of stress or anxiety. Of normal intelligence and
quite sociable T.D. felt that his greatest problems with uncontrolled spas-
icity and athetoid movements were when he was confronted with uncomfortable

social situations such as being with a member of the opposite sex.

3.2.2 Effect of biofeedback training on physiological parameters

3.2.2.1 Surface EMG

An identical data base to that of subject B.S. was ocollected and
analysed with T.D. Period averages are presented in Figure 3.9 and 3.10
for means and standard deviations respectively in the form of a separate

graph for each muscle and each with two data lines to distinguish the base-
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line from the intervention period. Significant differences between the two
periods are marked below sessions numbers.

Of the three muscles ~ frontalis; right forearm extensors; and
right forearm flexors, only the forearm extensors appeared to benefit fram
the training. This is demonstrated by a reduction in EMG after the intro-
duction of frontalis feedback (phase B) and a reversal effect when the feed-
back is removed. Perhaps, a better understanding of T.D.'s reaction to
feedback can be gained by comparing a typical phase A; session with a typ-
ical phase B session utilizing the computer produced graphs displaying min-
ute mean EMG and standard deviation values during a session. Figure 3.1l
illustrates the data from the three muscle sites during session 3 (phase
A; and Figure 3.12 illustrates similar data during session 6 (phase B).

Very little difference between the intervention period (when asked
to relax as best as possible) and the baseline period (when asked to remain
still) is visible in the phase A; session. However, a typical pattern
with feedback is shown in the phase B session. Immediately upon introduc-
tion of auditory frontalis feedback EMG levels increase, most dramatically
in the forearm. After a few minutes they drop to or exceed baseline low le-
vels, but they rise again and drop by the end of the session. This roller
coaster effect was seen in several of the feedback sessions and could pos-
sibly result from T.D.'s anxiety with attempting to relax and remaining re-
laxed after reaching that state.

Unlike B.S., there was no training effect on T.D.'s frontalis EMG
standard deviations. As mentioned previously, a much more pronounced train-
ing effect on standard deviations was demonstrated with the forearm extensor

values,
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3.2.2.2 Peripheral skin temperature

Peripheral skin temperature was measured from T.D.'s right index
finger and average period mean values are shown in Figure 3.13. Very little
difference occurred between the intervention period and the baseline period.
During each session temperature ocontinually rose and fell with an average
range of 2.5° for the entire session. An increase in temperature is visi-
ble, however, between phase B and both A phases. This increase however can-
not necessarily be attributed to the feedback as T.D.'s temperature was

initially high during the no feedback baseline periods.

3.2.2.3 Respiration rate

Difficulties similar to those with B.S. were encountered in meas-
uring T.D.'s respiration rate. T.D. had a tendancy to sweat and vigorously
move his lips (athetoid movements). ‘These factors combined to loosen the
tape attaching the thermistor beneath his nostril and therefore the thermis-
or often moved. T.D.'s breathing was much stronger than B.S. and the TEC
was more likely to record half an exhalation (ie. half an exhalation and
brief inhalation followed by the rest of the exhalation). Therefore the
respiration data may be somewhat unreliable. Nevertheless, period averages
are shown in Figure 3.14. There are as many instances during phase B of the
respiration rate increasing as decreasing in the feedback period. No

conclusions can be drawn from this data.

3.2.3 Correlations between physiological parameters

Similar calculations to those done with B.S. were repeated to test

the "generalization" hypothesis with T.D. Illustrated in similar matrix



45

Ke
o—@® baseline
period
s—-@ intervention
period
A B A
”—l
w—
Temperature
°F
85—
80 ‘

¥ 7 ¥r v 7 - r r 1 1 L} J
1 2 3 4 5 6 7 8 9% 0 N 122 B WU W

Figure 3.13: Average peripheral skin temperature mean values of the right
index fingertip for the baseline and intervention periods
across sessions with indications of significant (P<0.05)
differences between periods for subject T.D.
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Figure 3.14: Average respiration rate means for the baseline and intervent-
ion periods across sessions with indications of significant
(P<0.05) differences between periods for subject T.D.



SESSION
CORRELATION 1 2 3 4 5 6 7 8 91011 12 13 14 15 16
AB - + +
AC + + + + + + +
between AD - -
Mean BC + - +
values BD + + +
CD - - +
AB +
AC + <+ + +
between AD +
SD BC +
values BD +
CD + +
AA + + + + + +
between BB + + + + +
Mean and cC _ + + + + + + +
SD values DD +
Table 3.4 Significant correlations (P<0.05 indicating direction

of correlation between physiological parameters for
subject T.D. during baseline period (minutes 1-10)

TOOw>

frontalis EMG

right forearm extensor EMG
right forearm flexor EMG

right index finger temperature
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SESSION
CORRELATION 1 2 3 4 5 6 7 8 91011 12 13 14 15 16
AB - + + +
AC + + + + + + + + +
between AD +
Mean BC - + + +
values BD + +
CD -
AB
AC + + + + + +
between AD +
SD BC - + +
values BD + +
CDh + +
AA + 4+ + + + + + +
between BB -
Mean and CcC - +
SD values DD - + - -+ + -
Table 3.5 Significant correlations (P<0.05 indicating direction

of correlation between physiological parameters for
subject T.D. during intervention period (minutes 16-25)

- frontalis EMG

- right forearm extensor EMG

- right forearm flexor EMG

right index finger temperature

ooOw)
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form in Tables 3.4 and 3.5 the significant oorrelation indicators provide a
slightly different message than those with B.S. There are visibly far fewer
significant correlations between mean values and their standard deviations
and almost no oorrelation between forearm muscles. Most surprisingly there
are a significant number of positive ocorrelations between frontalis and

forearm flexors but not extensors.

3.2.4 Evaluations

3.2.4.1a Typing: Pre-biofeedback

T.D. was able to type with the aid of his headstick from two para-
graphs in a typing manual and the number of lines typed, keys hit, and er-
rors in two 10-minute periods were counted. Results are sumarized in Table

3.6.

3.2.4.1b Typing: Post-biofeedback

The task of typing with the aid of a headstick from the same two
paragraphs in a typing manual as before was repeated. Again, results are
presented in Table 3.6. During the first trial (first paragraph) T.D. dem-
onstrated an improvement of 9% and in the second paragraph an improvement of

19%.

3.2.4.2a Range of motion of both shoulders: Pre-biofeedback

In examining T.D.'s right shoulder, a physiotherapist was able to
achieve a range of motion (ROM) of 85° to 90° in an initial lift consisting
of forward flexion through extension before spastic resistance. Continua-

tion of forward flexion and extension until the physiotherapist could not



Table 3.6

Measure Pre-BFB Post—BFB
Trial 1 | Trial 2 | Trial 1 Trial 2

# lines 11 10 11 11

# hits 321 306 351 363

# errors 33 21 24 18

error rate 10% 7% 7% 5%

Summary of typing assessment with subject T.D.

49
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overcome spasticity led to a ROM of 120°. During the first attempt, abduc-
tion of the right arm was impossible due to spasticity but a later attempt
achieved an abduction ROM of 80°.

The left shoulder exhibited a ROM of 115° to 118° during forward
flexion through elevation prior to spastic resistance. Full elevation of
180° was achieved when the physiotherapist forced the arm until she could
not overcome spasticity. Left abductor muscles were quite tight but a 90°
abduction was possible by external rotation and meeting resistance of spas-

ticity.

3.2.4.2b Range of motion of both shoulders: Post-biofeedback

A ROM of 85° to 116° was exhibited in the right shoulder during an
initial 1lift before first resistance by spasticity as previously described.
The continuation of this lift until it was completely blocked by spasticity
extended the ROM to between 116° and 123°. Aabduction and external rotation
of the right arm demonstrated a range of 68° to 88°.

Left shoulder ROM was 74° during initial lift that was extended to
between 143° and 180° when total resistance was met. A 68° ROM was possible

in the abduction maneuver.
It was evident that there was no change in T.D.'s ROM of both

shoulders or in the effort required to passively move T.D.'s arms.

3.2.4.3 Questionnaire

T.D.'s sister rated his behaviour, abilities, and/or qualities
comparing these since relaxation training began with the period prior to

training. T.D.'s sister rather than his parents answered the questionnaire
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because of language problems. The same Questionnaire as employed with B.S.
was used. Responses are presented in Figure 3.9 in the form of a histogram
for each of the three categories. All rating categories were applicable
with T.D.

Ratings by his sister echoed T.D.'s comments that although he felt
little physical change there had been a considerable change or alteration in
his psychological state. According to his sister, he felt that he had in-

creased his self-awareness and maturity.
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Category 1: Physical charcteristics : Rating Scale

6- 5: most desirable

change
5 0: no change
=5: most undesirable

4 change
Frequency 3-—
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1
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Figure 3.15: Summary of questionnaire rating T.D.'s behaviour, abilities,
and quality changes since relaxation training began with the
period prior to training.
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CHAPTER IV

DISCUSSION

4.0 Introduction

The results from this preliminary trial of frontalis EMG feedback
relaxation training with two cerebral palsy subjects are not entirely
straightforward or strikingly promising. Through the employment of single-
subject design methodology, the effects upon general relaxation with frontal
EMG feedback alone were investigated. Physiological effects were assessed
by monitoring surface EMG from frontal and forearm muscle sites, fingertip
temperature and respiration rate. Clinical changes were evaluated through a
variety of functional assessments and a subjective questionnaire.

Although some improvements were noted in both subjects and some
interesting patterns of physiological parameters emerged, there was no clear
evidence suggesting real functional improvement as a result of the training.
A number of reasons may account for this and these factors will be examined

in the ensuing discussion.
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4.1 Single-subject design

The use of single-subject design is gaining acceptance as a scien-
tific method for evaluating therapeutic treatments in a clinical environ-
ment. It has several distinct advantages over group studies and is particu-
larly suited for studying treatments involving a cerebral palsy population.
The manifestations of cerebral palsy are such that even though broad des-
criptive categories can be defined, within each category such as spastic or
athetoid no two individuals will be exactly alike. Therefore, grouping cer-
ebral palsy subjects is not always reasonable unless there is a sufficiently
large population to draw from. With a limited population the heterogenity
within a group is usually quite pronounced thus limiting the scientific val-
idity of a group study.

One significant benefit of a single-subject (or single-case) de-
sign is that the subject serves as his own control. All subjects receive
whatever clinical benefit is obtainable as there are no control groups and
there are no problems with matching control subjects. Other advantages of
employing this approach in biofeedback research include: a focus on clinical
significance; the use of variability as data not error; unique methods for
establishing generality of findings; and a capacity for dealing with ethical
concerns in clinical research (Barlow, Blanchard, Hayes and Epstein, 1977)

The basis for utilizing a single-subject design involves using the
subject as his own oontrol and implementing different treatment interven-
tions one at a time and establishing the effects of each intervention. 1In
this manner there can be little doubt about the effect of a specific inter-

vention providing that no confounding variables were inadvertently present.



55

Confounding variables are those envirommental conditions that may
positively or negatively affect the behaviour being examined. Many present
therapeutic intervention theories have developed without a solid scientific
basis and without discrimination between specific treatment effects and con-
founding variables. One oconsequence of this is that a therapist or clini-
cian may conclude a false positive or a false negative outcome. A false
positive is when a behaviour improves in a patient and this is causally rel-
ated to the agpplied treatment when in fact the improvement may be the result
of some other environmental factor. On the other hand, the treatment may
indeed be effective while the behaviour does not appear to improve. This may
possibly be due to ineffective or insensitive assessment techniques and will
lead to a false negative outcome.

In this pilot study, an A-B-A single-subject design was chosen
since only one variable, frontalis EMG feedback, was being tested. Both A
periods contained three baseline or no-feedback sessions. This number is
the minimum required to establish a trend in the data (Hersen and Barlow,
1976). Longer A periods were not employed simply because the subject found
them boring and lengthening the number of sessions might have turned the
subjects off the study. However, to be more scientifically rigorous, phase
A; should have been extended until each subject reached stability. The
fact that behaviours were unstable highlights the diverse nature of cerebral
palsy even within a single person. Phase B was ten sessions long and in
looking with hindsight this phase should also have been longer so that there
would have been a greater chance for the training to impact. In addition, a
second B period might have been beneficial since the subjects would not then

end with a no-treatment phase.
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Within each session there was a baseline period and an interven-
tion period. Continuous auditory feedback of frontal EMG constituted the
intervention in phase B while a short instruction to relax as much as pos-
sible was used in A phases. The rationale behind this design was to provide
a means of comparison of behaviour independent of day-to-day differences
typically seen in an individual ith cerebral palsy. It also provided a
means of comparing EMG data which is affected by electrode placement and
skin quality. Although it is recognized that it is difficult to compare ab-
solute IEMG values between sessions, these values were nevertheless plotted
in the results section for visual interpretation. It was felt that careful
placement of the electrodes and high input impedance on the EMG unit mini-

mized between-session variation unrelated to changes in muscle tension.

4.2 Frontalis EMG feedback and generalization theory

This pilot study was intended to replicate and extend work under-
taken by Finley, Niman, Stanley, and Ender (1976) who reported the use of
frontalis EMG feedback training in achieving normalization of muscle tone in
six athetoid cerebral palsy patients. They noted that in addition to show-
ing promise as a treatment in the habilitation of athetoid cerebral palsy
patients, frontalis EMG feedback had significance in placing responsibility
for dealing with the treatment upon the patient and not the therapist.
Finley, Niman, Stanley and Wansley (1977) extended this work with four spas—
tic palsy children but with an added dimension. This was the inclusion of
explicit behaviour modification techniques with frontalis EMG feedback to
form a treatment package which they ooined the name "electrophysiologic

behaviour modification" (EBM).
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The main purpose behind EBM was to provide a system sufficiently
motivating such that a child patient would be more likely to positively res—
pond to and comply with the training. Finley and his co-workers found that
this technique worked well with children and these children demonstrated in-
creased functional abilities after training. As a result of their pramising
findings Finley et al put forth the argument that training frontal EMG red-
uction leads to generalization with corresponding relaxation at untrained
muscle sites. This was substantiated by finding an initial oorrelation be-
tween frontal EMG and forearm flexor EMG during EBM training and by observ-
ing improvements in motor skills. Studies with normal subjects by Alexander
(1975) and Freedman (1976) dispute this argument and more recently Glaus and
Kotses (1979) point out that response generalization should decrease with
increased training due to a ocontinued differential reinforcement. Disting-
uishing the terms muscular covariation and generalization, Glaus and Kotses
performed a study that indicated muscular oovariation did exist but ocontin—
ued EMG training decreased this covariation. This decrease in covariation
suggested that the response generalization function associated with MG
training was similar to other responses where generalized responding de-
creases with continued training and can be attributed to the discriminitive
reinforcement and specificity inherent with EMG training of one muscle.

Although we recognized the fact that there was not substantial
support for the theory of generalized relaxation with frontalis MG feed-
back alone, the promising functional improvements seen by Finley et al
(1976) and Finley et al (1977) led us to test out this gpproach. It was
felt at the onset of this study that learning to reduce frontalis EMG act-

ivity would lead to lowered arousal with a generalizing effect of reducing
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rest of the skeletal musculature. This reduction in body tone would in turn
translate into increased functional control. Rather than begin with EBM it
was decided to test and identify the effect of frontalis EMG feedback alone
before introducing any confounding variables. In order to make a statement
concerning the generalizing effects of frontalis EMG feedback, it was neces-
sary to measure a number of physiological parameters. For this reason fore-
arm flexor and extensor activity, peripheral skin temperature and respira-
tion rate were monitored. Lack of further equipment limited the number of
EMG monitoring sites and it is recognized that, if possible, additional
sites in the lower limbs, trunk or neck muscles should have been monitored.
Although not done in this study, it would also be possible to get a subject-

ive impression by the subject as to their feelings of relaxation.

4.3 Effects of frontalis EMG training on all surface EMG measures

An examination of both B.S.'s and T.D.'s surface EMG fram the
frpntalis and forearm sites did not reveal any dramatic improvements in
absolute integrated EMG (IEMG) levels. B.S. demonstrated some ability in
reducing frontalis EMG within sessions with feedback, which was reversed
upon removal of feedback, but no significant generalizing effects upon the
forearm extensor and flexor absolute IEMG levels were observed.

This lack of generalizing was substantiated by performing correla-
tions between pairs of muscles and computing the significance of ocorrela-
tion. Although there was a high incidence of oorrelation between forearm
flexor and extensor activity there was almost no significant correlation be-
tween frontalis activity with either forearm extensor or flexor activity.

The few significant correlations that did occur were most likely coincident-
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al or natural oovariation. This reflects negatively upon the theory of
frontalis EMG feedback aiding general relaxation, at least with this one
subject. To a certain degree this can be attributed to B.S. becaming some-
what bored with the training, not paying attention to the task at hand, vol-
untarily moving her arms and hands about, and also playing with the feed-
back. This highlights the problem of frontalis EMG feedback alone not being
sufficiently rewarding or motivating especially with children who have neur-
ological damage. It was primarily for this reason that Finley et al (1977)
developed the use of EBM. Although B.S. was sixteen years old it was evi-
dent that she needed something more than frontalis EMG feedback to maintain
her interest.

An interesting dbservation, however, did stem from B.S.'s EMG data
and this concerned the standard deviation values. Derived from the values
used in computing minute means of IEMG, standard deviations appeared to give
some additional information that was not apparent with the mean IEMG values.
Rather than consider the variation within a minute period as natural fluctu-
ation in measurement, standard deviations were examined as physiological
parameters that provided a measure of the amount of variation of muscle ten-
sion. In all three sets of muscles monitored, B.S. was able to reduce ab~
solute standard deviation levels when comparing the last session (phase
A,) with the first sessions. Most dramatic was the trend visible in fron-
talis standard deviations both in absolute levels across sessions and in
differences between within-session feedback periods and respective baseline
periods. Of special interest was the dbservation that during one session,
mean levels of IEMG increased and standard deviations decreased, while the

opposite conditions arose during another session. This underlines the im-
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portance of examining muscle activity variation in addition to mean levels.
It is often possible that mean levels will be seen to remain constant with
feedback while variation decreases. In this case mean EMG levels are not
sufficiently sensitive measures and will result in an outcome deemed unsuc-
cessful when in fact a reéuction in variability of muscle tone could be seen
as a successful result. With a subject having cerebral palsy, especially
one with athetoid movements, a reduction in muscle tone variability may be
of prime oconcern when intending to improve motor functioning.

Correlation analysis between the mean level of IEMG and its stan-
dard deviation indicated in most sessions a significant (P<0.05) oorrelat-
ion, ie. higher mean levels of IEMG tended to have higher standard deviaions
associated with them and vice versa. Therefore, if mean levels of IEMG are
employed as indicators of muscle tone, standard deviations also have value
as similar indicators. For this and for the reasons previously mentioned
standard deviation may be thought of as an adjunct parameter that more fully
describes muscle behaviour.

On the whole, muscular tension increased in the other subject,
T.D., during the intervention period. This was a characteristic response
exhibited by T.D. and was most likely the result of his trying too hard in
an active sense to relax and then getting frustrated when the feedback did
not respond as wished. Keats (1965) described a similar response when anxi-
ety as well as frustration was a precursor of increased spasticity in indi-
viduals with cerebral palsy.

A roller coaster effect within T.D.'s sessions of alternating in-
Creased tone and relaxation as described in the results section illustrates

the severity of his condition. Unlike B.S., this subject was much more in-
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volved and could not remain relaxed when actively trying to relax for more
than a few minutes at a time. The fact that T.D. was actively rather than
passively trying to relax can be associated with the frontalis MG feedback
alone as the treatment intervention. As there were no specific instructions
on how to relax in a passive manner, controlling the feedback placed pres—
sure on T.D. to perform thus leading to anxiety and subsequently increased
spasticity.

Few significant correlations were observed between mean IEMG lev-
els and their associated standard deviations. Although unusual for a nomal
subject or even a less involved cerebral palsy individual it can be account-
ed for by his higher levels of spasticity. There would be minutes where
T.D. would exhibit prolonged but steady muscle spasticity. In this case,
high EMG mean levels would be recorded in conjunction with low standard dev-
iations. Mulholland (1979) described the use of standard deviation in a
‘control ratio' (mean/ standard deviation) which he employed as a self-
reqgulatory index in EEG biofeedback training. If such a ratio was applied
to T.D.'s EMG data it would be a wildly varying parameter even within one
session as opposed to constant which is hypothesized in non-neurologically
damaged subjects. Perhaps the variance of a oontrol ratio can describe the
degree of involvement of spastic cerebral palsy. A large variance may rep-

resent severe involvement and low variance mild involvement. However, much

more study is required to validate such a hypothesis.

4.4 Effects of frontalis EMG biofeedback on peripheral skin temperature

It has been suggested that teaching a person to relax would be ac-

companied with an increase in skin temperature of the fingers. Conversely,
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teaching a person to raise their fingertip temperature should aid in attain-
ing a state of relaxation. Indeed, feelings of warmth in the extremities
have been incorporated in autogenic training (Shultz & Luthe, 1969). Combi-~
ning autogenic training with temperature biofeedback, successful clinical
applications have been demonstrated for migraine and tension headaches. Al-
though it was not the intent of this study to investigate temperature feed-
back it was thought best that fingertip temperature be monitored concurrent-
ly with the other parameters in order to test the hypothesis of increased
temperature with relaxation. Unfortunately neither subject truly learned to
relax.

A considerable range of baseline temperatures was ocbserved in B.S.
and during feedback phase B there was a consistent and significant (P<0.05)
drop in temperature in the feedback period compared with baseline period.
Even oconsidering the fact that B.S. did not learn to fully relax it is still
hard to account for the drop in her fingertip temperature during the feed-
back period compared with the baseline, A cyclic nature of baseline temper-
atures of varying frequency and amplitude has been described by Trusk and
Jankel (1979) and was seen within and between sessions with B.S. The possi-
bility existed for the feedback period to coincide with a decreasing temper-
ature cycle but it would be expected that this would occur more or less in a
random fashion. It is doubtful that it is mere coincidence that in 7 out of
10 sessions there was a significant decrease in temperature between the
baseline and feedback period. At this time an explanation is difficult and
therefore the results are simply presented.

Nothing conclusive can be drawn after inspecting T.D.'s fingertip
temperature other than that cyclic patterns of rising and falling tempera-
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tures similar to B.S. were noticed. ‘There were only two significant de-
creases in temperature during the feedback periods and no significant in-
creases. However, it was not surprising that T.D. did not raise his temper-
ature as it tended to be very high in the baseline and the "ceiling effect"
or physiological maximum temperature may have prevented it from going any
higher even with relaxation training. Although not fully documented it is
hypothesized after examining the results from B.S., T.D., and others that

temperatures fluctuate more in persons with cerebral palsy than normals.

4.5 Effects of frontalis EMG biofeedback on respiration rate

As an adjunct measurement providing an index of physiological
change during relaxation, respiration rate was unsatisfactory and gave only
some information which was of dubious usefulness because of technical dif-
ficulties. Both subjects, especially B.S., found the wearing of a thermis-
tor taped just below a nostril irritating. Also the thermistor had a tend-
ency to shift with lip movements which in T.D.'s case were substantial.

Although it appeared that B.S. had significantly lowered her res-
piration rate near the end of the study this oould be due to inaccurate re-
cording and her mouth breathing. T.D. did not demonstrate any consistency
in reducing his respiration rate with feedback and this follows fraom his

lack of ability in controlling his spasticity.

4.6 Assessments and questionnaire

Identical pre- and post-frontalis EMG training assessments served
as clinical dependent measures and were suited to each of the two subjects.

Repetition of tasks was mot viewed as a problem affecting post assessments.
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Most of the tasks were not new to the subjects and their functional abili-
ties had levelled off by their age. ‘Therefore, no practice effects were
anticipated. A questionnaire was also formulated in order to evaluate the
clinical impact of the training. Although other assessments provided adbjec—
tive measures, subjective observations by an independent person such as the
subject's parents should also be taken into account. To quantify these ob-
servations a number of unbiased questions were posed to be answered on an
eleven point scale in three categories: physical characteristics; functional
activities; and psychological factors. After the completion of the study
B.S.'s parents and T.D.'s sister were asked to fill out this questionnaire
comparing their behaviours, abilities, and/or qualities since relaxation
training began with the period prior to training.

B.S. demonstrated some improvement in hand function and psycholog-
ical measures which was somewhat surprising to the experimenters who subjec-
tively did not perceive any improvement. However, B.S.'s parents did notice
slight improvements in her physical characteristics and in her ability to
relax on command. Speech evaluations indicated slight improvements in her
intelligibility but no substantial gains were made and a gait study showed a
loss in repeatability of her walking pattern. One unfortunate finding was
B.S.'s parents reported that there was a loss in her self-concept and aware-
ness. This is contrary to a major concept within a biofeedback paradigm,
that is, an increase in self-awareness (Englehardt, 1978). However, a neg-
ative change was not entirely unexpected as she was not interested in atten-
ding to the frontalis MG feedback and relaxation task and was in fact more
interested in social interaction with the male experimenters. This lack of

attention to the training may be the fault of the feedback not being suffic
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iently stimulating and motivating for this particular subject. Specific
relaxation strategies that kept B.S.'s concentration or EBM may have proven
more successful. Nevertheless, B.S.'s social behavioural problems certainly
had some bearing on the outcome and since they were not specifically dealt
with they may have posed themselves as negative oconfounding variables.

Contrary to B.S., T.D. was described by his sister in a similar
questionnaire to that answered by B.S.'s parents, as having increased his
self-concept and maturity. This response was not unexpected for T.D. as he
demonstrated a keen interest and desire to learn how to relax and oope with
his anxieties. Admittedly, this positive change could be a placebo effect
attributed to the movelty of the situation and the influence of personal
conversation and support received from the experimenters during the oourse
of the study regarding his personal anxiety problems. Certainly this pres-
ented itself as a oconfounding factor but for ethical concerns ocould not have
been neglected.

Unfortunately T.D. did not exhibit any significant physical and
functional improvements which were his prime reasons for attending the
study. His greatest improvement was in head control as evaluated in a typ-
ing exercise but again a confounding factor was present. After each session
T.D. practised with an optical scanner printing communication device that
required fine head control and indeed his head control seemed to improve
considerably with practice. This may have generalized to typing but both
behaviours were not identical. At first T.D. was unable to print any intel-
ligible word but by the end of the study he was able to write sentences with
a very low error rate (approximately 5%). ‘This practice with the head

scanner was allowed since T.D. was in need of a communication aid and was



contemplating purchasing this unit.
take precedence over the study.

66

Clinical and ethical concerns had to
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CHAPTER V

CONCLUSIONS

5.0 Sumary of findings

Although no substantial improvements were seen in either B.S.'s or
T.D.'s functional abilities a great deal was still learned from this pilot
study relating to data acquisition and processing techniques, assessment
methods and response to frontalis EMG feedback alone. With regard to the re-
lative clinical efficacy of frontalis EMG feedback aided relaxation there is
difficulty in comparing this treatment with others simply because of a lack
in the availability of objective data based upon other forms of treatment.

B.S. demonstrated a learning trend to reduce mean levels of
frontalis EMG but little ability in controlling her mean forearm EMG.
However, she did exhibit an ability to reduce the variability of her muscle
activity at all three EMG sites. This finding is significant in that it
helps support the hypothesis that variability of muscle activity, as defined
by the standard deviation about some mean level of EMG, may reflect the

status of
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self-regulation., Standard deviations were strongly correlated with their
means for all muscles indicating a stable control ratio (mean/standard dev-
iation). As B.S. was only moderately athetoid it was interesting to campare
her mean/standard deviation oorrelations with T.D. T.D. was severely spas—
tic and he showed fewer ocorrelations between mean IEMG and its standard
deviation ie. a variable control ratio. Also, T.D. was unable to reduce his
mean EMG levels. Although further investigations are definitely required,
it is suggested that the presence or lack of correlation between mean and
standard deviation EMG values may be seen as an adjunct parameter in clas-
sifying cerebral palsy.

Peripheral skin temperature did not vary with feedback as expec-
ted. Rather than increase, in the case of B.S. the temperature significant-
ly decreased. This may be accounted for by the fact that B.S. did not truly
relax. Regardless, the usefulness of peripheral skin temperature as an ac-
curate indicator of relaxation is questionable and the need for further
testing is recognized.

The use of functional evaluations to assess the effectiveness of
biofeedback treatment is of prime importance. However, each assessment must
be relevant to the abilities of the subject and include an evaluation of
whatever ability the subject would like to improve. A questionnaire answer-
ed by the subjects' immediate relatives provides a good but subjective indi-
cation (soft data) of a consumer response to the treatment. Often treat-
ments produce significant changes but unless they are seen as beneficial by
the oonsumer the outcome is unsuccessful. Certainly the reliability of

the response can be questioned, but it is felt that the relatives responded
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in a sincere and truthful manner as evidenced by even some negative changes
after treatment.

Although it had been hoped that the clinical impact of this study
would have been more successful, the deficiencies in the frontalis MG
feedback only treatment have been identified. These deficiencies follow:
(1) There were no specific strategies on how to relax. Both subjects
were left on their own to manage the best they oould using feedback as an
indicator of their performance. It might be expected that, in addition to
feedback, instructions such as hypnosis, progressive relaxation or autogenic
suggestions which have been shown to be effective with other populations,
will also have some beneficial effect with a cerebral palsy population.
This, however, needs to be validated by further study.

(2) Controlling the audio feedback tended to be an active task for the
two subjects. Instructions on how to passively relax while using feedback
as a gquide are really necessary since active tasks tend to increase anxiety
and muscle tension especially in individuals with cerebral palsy.

(3) Auditory feedback alone is not a primary reinforcer and so is
highly dependent upon internal motivation and comprehension. With B.S. a
lack of internal motivation worked as a negative confounding variable while
having good motivation and comprehension in T.D.'s case did not guarantee
positive results. Perhaps a more rewarding and interesting mode of feedback
would have eliminated the negative confound and influenced the results in a
more positive manner.

(4) Lack of personal interaction during the session produced a 'cold’
treatment atmosphere that may have had a negative effect. This unfortunate-

ly was necessary to test the efficacy of the feedback.
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(5) The feedback of frontalis EMG is specific to the head and not
necessarily indicative of the rest of the body. In fact, response general-
ization theory argues that training increases specificity of response with a
decrease in other covarying responses. Therefore, frontalis EMG feedback

may not be the best approach for general relaxation.

In addition to the problems with frontal EMG feedback, cited a-
bove, it is felt that there were not enough training sessions, and the
training should have been more intensive, perhaps everyday.

Considering the fact that both subjects have been disabled all
their lives (16 and 19 years) it may have also been unrealistic to expect

that a 1l0-session training programme would have a significant clinical im-

pact.

Reflecting upon all of the results it would be fair to say that
frontalis EMG feedback alone was not clinically effective with the two sub-
jects examined. It is the impression of the experimenters that changes in
the protocol are necessary in order to have a clinical impact. Unfortunate-
ly, it is difficult to define exactly at what point improvements became
clinically significant. There is a lack in the availability of dbjective
data regarding changes in functional ability with other treatment modalities

and so there is little to compare frontalis EMG training with.

5.1 Future considerations

The following suggestions are offered for consideration in further
investigations involving EMG-aided relaxation programmes with subjects hav-

ing cerebral palsy:
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(1) BEmploy relaxation instructions/strategies in conjunction with
feedback. Possibilities include: meditation, hypnosis, progressive

relaxation, autogenic suggestions, concentration exercises, and imagery

techniques.
(2) Utilize interesting and motivating (positive valence) feedback.
(3) Study a larger number of subjects including a control group with

normal or no therapy. Alternatively, use a larger number of subjects em-
ploying single-case study methodology with each subject as his own control.
(4) Investigate the effects of relaxation and feedback training with
younger children, perhaps as young as 6 years old.

(5) Examine the effects of relaxation training over a longer time per-
iod. The time ocourse may be dependent upon improvements cbserved and could
be considered as an experimental variable. For example, the length of time
needed to reach a specific level of improvement may be indicative of the
tfeatment efficacy. In addition, the training should be more intensive,
perhaps everyday.

(6) Develop and refine functional assessment procedures so that ef-
fects of training can be more accurately assessed.

(7) Continue the use of a computer aided data acquisition system and
extend its use to that of an assessment tool by interfacing it with a vari-
ety of measuring devices through which functional abilities can be evalua-
ted.

(8) Critically examine whether relaxation is a realistic goal for the

severely involved cerebral palsy individuals.
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(9) Experiment with the use of muscles other than frontalis as feed-
back muscles. It may be more beneficial to identify a specific task to im-
prove and use a muscle that is needed to perform this task.

(10) Develop more fully the concept of standard deviation as an index

of self-regulation.
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APPENDIX A-1

CONSENT FORM

Note:~ This consent form was signed by the parents of B.S. and by T.D himself
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CONSENT FORM - BIOFEEDBACK STUDY

I agree to allow my son/daughter (name) to

participate in a study relating to the use of myoelectric (EMG) biofeedback for
purposes of obtaining general body relaxation. I realize that this will involve
his/her attending 17 sessions of 30 - 40 minutes duration, during which time
physiological measures will be taken. Forehead and forearm muscle activity and
skin temperature from the great toe of the right foot will be recorded through
the use of sensors attached to the skin surface by tape. Heart rate will be
measured with a thimble~like device which will be attached to a toe, and
respiration will be monitored using a sensor positioned close to the nostrils. I
also agree to allow my son/daughter to be assessed by a physiotherapist before
and after the study.

I have been informed that all information dbtained by the investigators
shall remain private and confidential, and that any publication or presentation
arising out of this work will be designed in such a way as to insure anonymity.

I have been informed that there are no physical risks or significant
discomforts involved in the procedures to be undertaken, and also that there is
no guarantee of benefits to my son/daughter to be derived by participating in the
study.

Notwithstanding all of the above, I understand that I may withdraw this

consent and agreement at any time.

Date:

Parent or Guardian:

Witness




77

APPENDIX A-2

QUESTIONNAIRE FORM

Note:- This questionnaire was addressed to the parents of B.S. and the sister

of T.D.
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Dear

We would like you to take a few minutes of your time to assist us in
an evaluation of possible positive or negative effects of relaxation training.
It is important that you respond to all applicable items as accurately as poss-
ible, for your answers will help us to determine the effectiveness of relaxation
training as a treatment approach with cerebral palsy, and the direction of fu-
ture biofeedback research at the OCCC. All information obtained will be used
for research purposes only and complete confidentiality will be maintained.

Please rate in each of the following areas,
comparing his/her behaviour, abilities, and/or qualities since relaxation train-
ing began ( ), with the period prior to training. Circle the

point on each line that best indicates the degree of change which may have oc-
curred. In each case, the mid-point represents no change and points on either
side represent varying degrees of change in each possible direction. That is,
points near the mid-point represent relatively small changes, whereas points at
the end of each line represent a large amount of change.

If some items are not applicable, just omit them and write N/A beside
the appropriate line. If you have any questions, please do not hesitate to con-
tact me at 425-6220, ext. 369. Please return the completed questionnaire to me,
care of The Rehabilitation Engineering Department, Ontario Crippled Children's
Centre, 350 Rumsey Road, Toronto, M4G 1R8. Thank you for your assistance.

Yours truly,
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I PHYSICAL CHARACTERISTICS

1. Muscle tone (degree of muscle tightness or tension)

L I | | l | | | I |
increased no decreased
change

2. Motor control (coordination)

L1 1 ] l , [ I |

improved no regressed
change

3. Reflex activity (e.g. bite reflex, involuntary spasms)

Lllllililll

increased no decreased
change

4, Ability to relax on command

L,lllJ!IJIll

improved no regressed
change

5. Number of repositionings in seat that are required

LIIJ|J|I|II!

more no less
change

6. Positioning in chair

I I N I | | 1 1 |

easier no more
change difficult




2.

7. Physical skills (e.g. pointing, grasp and release)

LlliLIIIIlI

lost no gained
change

8. Sleep pattern (e.g. number of awakenings, amount of time to fall asleep)

LIJJI;IIIIJ

better no worse
change

9. Breathing pattern

L | I [ R | | | |

improved no regressed
change

10. Drooling

I N I l |

increased no decreased
change

11. Vocalizations (sounds or speech)

I 1 I g I L I |

more no less
change

II. FUNCTIONAL ACTIVITIES

1. Feeding (e.g. chewing, swallowing, handling utensils)

L1 1 | | ; | I I B

more no easier
difficult change
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2. Dressing (whether done independently or by others)

1 1 | | I | I I I N

more no less
managable change managable

3. Communication (e.g. use of symbols, writing, typing)

L1 | | | II | I R |

more no less
coordinated change coordinated

4. Quality of speech

I I R N I I I N B

less no more
comprehensible change comprehensible

5. Independent mobility (e.g. wheelchair driving, crawling, turning over)

[ | I || I I N l |

improved no regressed
change

6. Transfers (e.g. from bed to wheelchair, chair to bathtub)

I || ! 1| | L |

easier no more
change difficult

7. Gait (walking)

I N N I N A N N N

improved no regressed
change




III. PSYCHOSOCIAL FACTORS

l. General anxiety level (e.g. nervousness, fear, apprehension)

I I N B ! S I I

increased no decreased
change

2. Ability to cope with frustration/stress

Lt | || ]| I I I

regressed no improved
change

3. General contentment

N D N N R N N N N

more no less

4., Maturity

L | | || [ N I I N

more no less

5. Adapts to new situations

A || ! | I N N

more no less
readily change readily

6. Self-concept (e.g. self-image, self-confidence)

1 | l | % I | |1 |

more no more
negative change positive
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7. Awareness and alertness

|

83

|

increased

[ | I I |
l

no
change

8. Motivation/initiative

|

decreased

| |

decreased

I I |

no
change

9. Irritability (crankiness, touchiness)

L1

increased

decreased

| I ||
I

no
change

increased

10. Participates in social situations (e.g. classroom, family, friends)

a) | ] I | | I 1 | |
more no less
often change often
) | | | I I l I I |
with less no with more
ease change ease
11. Patience
L | | I | I | | |
decreased no increased
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IV. MEDICATION

Has there been any change in medication intake? Yes No

If yes, please try to specify both the drug and whether intake was increased
or decreased.

Type of Medication Increased Decreased

V. COMMENTS

Please add your own comments relating to other areas of possible change or
regarding the use of relaxation training in general.
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DATA ACQUISITION SOFTIWARE
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REM XX*¥ RFLAX/PRGM/ODLTADGT XKEKKKKKKKKKKKKKKKKEKKKRKER KKK KKK EKKKE KK KKK KK
G0OsiR 100

WATT

GOSUR 440

SFET KEY

WATT

REM XX¥ DATA ACQUISTTION XXX
GOSUR A30

10 S8ET KEY

11 WAIT

12 REM RETURN T0Q DAaTA ACOUISITION
13 Ki=K-1

14 GOSUR 720

15 WATIT

16 RFM XXx NATA STORAGFE kXX

17 GOSUR 1230

18 SET KEY

19 WATT

20 RFM DATA RFTRYEVAL FROM TAFE
21 GNSHR 14720

N LD IR

23 WATT

24 RFM FMG GRAFH
25 BNSIR 1520

26 SET KEY

27 WATIT

28 REM TEMFEFRATURE GRAFH
29 GOSUR 2740

30 8FT KEY

31 WATT

32 GOSUR 3420

33 SET KEY

34 WATT

3& PAGE

37 FND

100 INIT

110 FAGE

13C PRINY

130 FRINT

140 FRINT

: RINDFEFORALCK RELAXATION STUDY"
150 PRIMT "UUK-1: STARTS SESSION - INFUT BLALE FANTORS NOTING THAT®

L3 2225033030000 33223320500 5 0

1640 FRINT ColeeZ)s (1933 (10302 ARE ERUIVALENT AND ONLY®

170 FRINT +1¢1¢10,100 ARE TO RIZ TYFED®

180 FRINT - INFUT BRASELTNE ANDI SESSION FERIONDG®
190 FRTNT *°*

200 PRINT *UDK-2! DATA ACGRUISITION REGINS WHEN THIS KEY DEFRESSEDR®

210 PRINT **

220 FPRINT "UDK-3: IF naTa ACBUISITION INTERRUFTED, THIS WILL RFTURN TO®
230 FPRINT °* TN NATA ACQRUTISITINN MODBE®

240 FPRINT *°

250 FRINT "UDK-4: STORES DIATA ON TAFE - MUSCLE NAMESs TEMF, SENSOR®



260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
440
470
480
490
500
510
520
530
540
550
540
570
580
590
400
610
620
430
640
450
440
470
680
690
700
710
720
730
740
750
740
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b LOCATIOM, FILE CORE (SURJECT’S INITIALS, SI DATE,"

FRINT

FRINT * EG. AARQOZZT) sy aAND FILE NUMRFR (FG. RB)y NOTING THAT®
FRI * THE NUMRER MUST RE 1 GREATER THAN THE LAST FILE NUMERER®
FRINT **

FRINT "UnK-5! RECOVERS DATA FROM TAFE - INFUT FILE NUMRFR®

FRINT **

PRINT "ULK-6% GRAFHS EMG DATA FOR UNITS AsBsC°

FRINT **
FRINT "UDK-7! GRAFHS TEMF DATA FNR UNIT I°
PRINT **

FRINT *UDK-8: LISTS SESSION DATA WITH CORRESFONDING FILE CODE"

FRINT **
FRINT "ULK-9: ENDS FROGRAM®

FRINT **

FRINT **

FRINT *%%% BEGTN BY NEFRESSING UNK-1 Xkx*

SET KFEY

RETHRN

FAGE

FRINT *ENTFR SCALE FACTORS (.151+10,3100)20°
FRINT "FHMG UNIT AL"S

INFHT 81

S1=30/81

FRINT "EMGK UNIT B!

INFUT 852

§2=30/82

FRINT "EMG UNIT Ct*i

ITNFUT 83

83=30/83

S§4=7,8

FRINT "RASFI TNFE FERIOD (MINUTFR)YI"S
INFUT T1

FRINT *FEFEDNRBACK SESSTOM PERIODG"S
INFUT T2

T=T1+4+7T2

SET KEY

RETURN

FAGE

FRINT USING &A50!"TIMF" e *FMG-A"y "EHG-R"y "FMG-C"« " TEMF"

THAGE 449X 5Ar P 5Ar 9Xe5Ayy PXr 44
R&="MEF AN sur

FRINT USING A80:*"MIN.*sR$sR$,RB$,E%
IMAGE 4A+5Xs4(11A,3X)

A=0

T=T1472

Ki=1

FOR K=K1 TO T

NELETE A

TM A(240)+B1(40Y+RB2(460)+R3I(60)sB4(60)
ODIM YI(Te2)2Y2(Ts2)sY3(To2)yYA4(Tr2)
FRINT RP146,32:"14020"



770
780
790
800
810
820
830
g40
a50
860
870
880
890
00
@10
@20
?30
P40
@50
L0
970
9RO
20
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1140
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270

INFUT R146,3214A

I=1

FNRE J=1 TN 240 STEF 4

Bi(I)=A()) /81

E2(I)=A(J+3)/82
B3(I)=ACI+2)/83
B4(I)=ACJ+11/54

I=T+1

NEXT
CS=3UM(R1)
Co&=SIMIR2)
C7=8UMCRI}
C8=8UM(RA4)
El1=R172
R2=R2"7?
R3=RI™2
R4=84"2
C1=8UM{R1)
Ca=0UMIR2)
CA=8UM(R3)
CaA=8HM(RA)

YI(K « 2 =8RR({&0OX0I-CH72)/3540)

Y2(K»2)=8RR(CLOX02-0E72)/73540)
YRRy 2I=8RR(LHOXCI-C772) /3540)
YA4(RKy2)=SAR(AQXCA-CRET2Y/3540)

YI{R»1)=05/60

YRRy 1I=L4/560

YI(Ky1)=C7/40

YA (Re13=08B/60

Al=Y1(Ke1)

AZ=YT (K2

AI=Y2(K.1)

Ad=Y2(K+2)

AG=Y3(Kr1)

AL=YI (K21

A7=Y4(Ky1)

AB=YS4(K,2)

FRINT USING 11501K«A1+A2A3A4AGALIAT» AR
ITMARE 2N AX 4 (3« 2N 10y 33Xy 20,11

IF K=T1 THFN 11RO

RO T 1190

FRTNT "GGGGGGGGGGGGE"

NEXT K

FRINT "xXxXx DATA ACQUISITION COMPLETE X%x°®
FRINT "GGGGGGGGLGGGGGGGGGGALGGEG6GG66G"
RETURN

FAGE

FRINT *"x%% DATA STORAGE X%x*

FRINT “ENTER FILE CODRE!";

INFUT F$

FRINT *ENTER MUSCI.E NAMES -°"
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1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1440
1470
1480
1490
1500
1510
1520
1930
1540
1550
1540
1570
1580
1590
1660
161G
14620
1630
1640
1650
16460
1670
14680
14690
1700
1710
1720
1730
1740
1750
1760
1770
1780
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FRINT “UNIT A"

INFUT M$

FRINT "UNIT BR!*;

INFUT N$

FRINT *"UNTT Ct*s

INFUT 0%

FRINT *TEMFERATLRE SENSOR LOCATIONDI®S
INFUT F%

FRIMT *ENTER FILE NUMEER!":

INPUT X

FIND X

WRITE P33:F$oMesNSs DS+ PEvT1yT?79TeY1rY2rY3:Y4
FRINT "X%Xx%x DATA STNRED ON TAFE X%xx*
RETLIRN

FAGE

FRINT *%XX¥ DATA RETRIEVAL FROM TAFE XXXx*
FRINT *WHAT TS FTLF NUMRERT!®;
INFUT X

FIND X

READI BIZIFSsMEINSsOS»FEsTLy T3 T

NIM Y1 (T2 e Y2(Te2)sY3(Ts2)sY4(T+2)
REATI B33:Y1sY24¥3sY4

FRINT *"%%% DATA RETRIEVED XX%*
RETILRN

FAGE

ODIM D1ICTY»U2¢TIyO3(TYLNAC(T)

FRINT *xX¥ EMG GRAPHIC DISPLAY X%xx*
FRIMT *WHICH UMIT IS TN HE GRAFHEDT!"S
INFUT Lis

IF Us="a" THEN 17640

TF U$="R*" THEN 1480

Us=*r"

7%$=0%

FOR K=1 TO T

MI(KY=YZ (K1)

B2(KIY=DI{KI+YI{(Ks2)
ODI(RY=N1T(K)-YI (K2

NA{K)Y=YI(Ky2)

NEXT K

R TO 1830

7h=NE

FOR K=1 TO 7T

NI(KI=Y2(Kel)

D2 (R)Y=NI(K)+Y?2{(Ke2)
RI(KI=N1(KY-Y2(Ks2)

HA(K)I=Y2(Ks2)

NEXT K

GO TO 1830

7h=M$

FOR K=1 TN T

DI(R)=Y1(Ky1)



1790
1800
1810
1820
1830
1840
1850
1840
1870
1880
1890
1200
1910
1920
1930
1940
1950
1940
1970
1980
1990
2000
2010
2020
20290
2040
2050
2040
2070
2080
2090
2100
2110
2120
2130
2140
2150
216G
2170
2180
2190
2200
2210
’)'}".\0

2230
2240
2230
2260
2270
2280
2290

3

B2(R)=D1(K)+Y1(K,s2)
B3R =N1{(K)=-Y1{(K:+2)
DA(R)I=Y1(Ks2)

NEXT K

FAGE

N=T-1

H=D1 (1)

FOR T=2 TQ N

IF Ui (I+1d="H THEN 1890

GO 7O 1900
H=T131(T+4+1)

NEXT 1
H=INT{H+3.5)
WINDOW QeTs0QsH
UTEWFART 10+s120910+,90
AXTS 105

MOUE 1,111 019

FIiR T=2 70 Ti

NkaW TN1 (7))

NEYXT T

MOUE T14+1eT1(T141
TX=Tt+2

FOoR I=TZ T0O 7T

NRAW Ts01 (T

NEXT 1T

FOR K=1 T0O T
L=K=-Tk0.00%
M=R2(KI-HX0,015
MOUE LM

FRINT *-¢

MOUE KD2(K)

TNRAW KNI (K
Q=N3(K)-HX0, 015
MOUE | 13

FRINT *-~*

NEXT K

K=H/15

MOVE T140.5450

FOR J=1 TN 15
RMNOUE O K

FRINT *"x%°*

NEXT J

WININOW 01300100
UTEWFORT 0s130+0+100
MOVE S2+4

FRINT *TIME (MINUTES)®*
MOUE 11746

FRINT T

MOVE 0+¢50

FRINT *IEMG*

MOUE 040

90



2300 FPRINT *up*

2210 GDSUR 2330

2320 RETURN

2330 MOVE 2,88

2340 FPRINT USING 2350!H
2250 IMAGE 2uU.1D

2340 MOVE 21,90

2370 FRINT *RASELINE"
2380 MOVE 74,90

2390 FRINT *FB SESSION"
2400 MOVE 95,98

2410 FRINT F#%

2420 MOVE 96,905

2430 FRINT "FILE #°*
2440 MOVE 104.95

2450 FRINT X

P44 MNUE 98,92

2470 FRINT “UNIT®

2480 HMDUE 108.92

2490 FRINT U$

2500 MOVE 50,95

2510 FRINT 74

220 K1=n1(1)

2530 B2=T4(1)

2540 FOR =2 T TH

2550 S51=51+01¢.D

2560 SE=524040.50

2570 NEXT

2580 R1=81/T71

2590 RZ=82/T1

2600 K=T2+2

2610 83=N1¢(T2+1)

24620 K4=DA4(T2+1)

2630 FOR J=Kk TO T

2640 SA=8A+N1(.1)

2650 S4=54+114(.))

246460 NEXT

2670 RI=HZ/TI

2480 R4A=84/T1

2690 R=R3/F1

2700 S=RA/R2

2710 MOVE 10,98

2720 FRINT USING 27301"R="+R»"8="4§
2730 THARE 2A+2D.30»&GX»2A4,20.30
2740 MOVE 040

2750 RETIHRN

2760 FAGE

2770 DIM DI(TY»DN2(THIYLDNILTH
2780 REM *%x TEMFERATURE GRAFHIC DISFLAY X¥XX
2790 FOR K=1 T0O T

2800 NI(KIY=Y4(Ks1)



2810 D2(K)=D1(KI+YA(K2)
2820 NA(KI=N1(K)-Y4(K,s2)
2830 NA(K)I=Y4(K,2)

2840 NEXT K

2850 N=T-1

2840 H=D1(1)

2870 L=T101)

2880 FOR T=2 TO N

2890 IF 1 (I+1)=+H THFN 2910
2900 GN TN 2920

2910 H=U1(T+1)

2920 IF D1T+13<= THEN 2940
2930 GO TH 29RO

2940 L=N1(T+4+1)

29H0 NEXT 1

29460 H=INT(H+1.5)

2970 L=TNT{(L-1.,5)

2980 WINDOW Qs Tel oH

2990 VIEWFORT 1012010550
3000 AXIS 10.5

3010 MOVE 1.011¢1)

3020 FOR I=2 TO T1

JFO30 DRAW T.T1(1)

3040 NFXT I

3050 MOUE Ti+41.-D1(T1+41)
364G T3=T1+2

3070 FOR T=T2 TO T

3080 NRAW T.N1CI)

3090 NEXT 1

F100 FOR K=1 7O T

3110 N=K-TX0,00%

J120 M=N2(K)~(H-LY*¥0 ., (15
3130 MOVE N+M

3140 FRINT *-*

3150 MOUE KD2(K)D

3160 DIIRAW KsD3(K)

3170 Q=D3(K)~-(H-L)>%0,015
3180 MOVE N«Q

3190 FRIMNT *-*

3200 NEXT K

3210 K=(H-L)/15

3220 MOUE T140.35sL

3230 FOR J=1 70 15

3240 RMOVE 0K

3250 FRINT *x*

3260 NEXT J

3270 WINDOW 05130500100
3280 VIEUWFDRT 0s130,0.100
3290 MOUF 524

3300 FRINT *TIME (MINUTES)®
33210 MOVE 11744



I320 PRINT T

3330 MOVE 0950

3330 FPRINT *TEMP.*

X350 MOVE 2410

33450 FRINT USING 33701

2370 IMAGE 2D.1Dn

33180 Us=>I*

3390 Z$=F¢

3400 GOSUR 2330

X430 REFTURN

3420 FAGE

3430 REM XXX DATaA TARLE XXX

3440 PRINT USING 34501 "TIME " s "EMEC~A" s "FML-R"y "EML~N"y *TEMF"
J450 THAGE 4APXySAs2%rySAyPX»S5A/PXr4A
34460 BE="MEAN St

3470 FRTINT HSING 34R0:I*MIN."sE$sE$+RB$»EB%
3480 THMAGE 4A«5Xs4(11A,3X)

3490 FOR K=1 70O T

3300 Al=YI(Ks+1)

35310 A2=Y1(K+2)

A520 A=Y (K1)

3330 A4=Y2(K»2)

3540 AL=Y3(K\»1)

IRE0 AL=YI(K+2)

I5460 A7=Y4(Ks1)

3570 AB=Y4(Ky2)

3580 FRINT USTNG 3590(KsAl A7 A3 A4 ATyAL A7 AR
3590 TMARE 2PNAXeA(IX 2N, 1N3IXs20, 10D
3400 NFEXT K

IA10 FRTINT "

24620 FRINT F$

34630 RETURN
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18
10
11

12
13
14
15
14
17
ig
1@
20
21

272
23
24
25
26
27
28
9
30
31

32
33
24
x5
36
37
38
39
40
41
42
43
44
45
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REM XX¥ RELAX/FPROM/STATS/STUNYT L ASTT  R3OKK KKK KKK KKK K ok K KOKKOK KK KK KK XK K K
Gn TN 100
REM XXX LIMIK-1§% PROCESSEDN NATA TARLE XXX
GOSUR 2420
REM XXX UNK-2§7 CONTINUE NEXT FAGE OF DATA XXX
GO TO 2600
SFT KEY
WAIT
REM XXX UDK-35 DISFLAY CORRELATIONS - FIRST FILE XXX
GOSHE 2420
SFT KEY
WATT
REM kX% UDK-43 DISFLAY NEXT CORRELATIONS FROM NEXT FILE XXX
GNSiR X0R0
END
0 FAGE
O THNTIT
O FRINT * RIOFEEDRACK STATISTICS®
0 FRINT * 1322532322223 22320 000 0
0 FRINT *°
O NTH W(30)
0 FRINT *HOW MANY FILES TO BE EXAMINEDNT®;
0 TNFUT C1
O NIM D1(801)sN2(8,C1)yN3(BC1I»N4(BsCL)sDS(ByCLIs[H6(Bs1)
O UTH B1(B«C1)sR2(8sC1YRI(BL1)»RA4(BC1)
0 PRINT **
0O NIM Z1(C1)»Z2(C1)»Z3(C1)+Z4(C1)
0 FRINT *WHAT ARF FTIE NUMRFRS AND TIME PERIONS T0 RE EXAMINFD?®
0O FRINT **
0 FRINT * examrle 1 1 10 16 25°
0 FRINT * file # RS  FBS*
O PRINT *°

O FOR J=1 T C1

O PRINT ""«*("5J%"%) *;

O TNEUHT WY« 71 (Y2200 7300124000

O NEXT U

0 FOR C=1 70 C1

0O REM %XX% READ DIIATA FROM TAFPE XXX

O FIND W)

O REATI B3ZIFS,MEsNSEyOEsFPEsT1e T2 T

O OTH YI(Te2Y o Y2(TH»2YeY3I(To2)9Y4(Ts+2)

O READI B33:1Y1sY2sY3,Y4

0 FAGE

0 MOUE 0«50

O FRINT * . XX% DATA RETRIFVFD FROM FTILF "sW(CHYF" X%kx*©
0 PRINT * FROCESSING IN PROGRFSS*
O IIM A(T8)

0 FOR K=1 TO T

O A(K«1)=Y1(Kv1l)

0 AIK«2Y=Y1(K+2)

0O A(K«3)I=Y2(Ks1)
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ARy 4Y=Y2(Ke2)
ACRsSI=Y3(Ks1)
AlKs&I=YI(Ky2)
A(Ks7)=YA4(Ks1)
AlR«8)=YA(Ks2)

NFXT K

REM Bl1=8UM{s) EL
REHM R2=8UM(x%x2) EL
REM B3=SUM () FE
REM B4=8UM(x%2) FR
Bi1=0

B2=0

B3=0

R4=0

FOR T=1 70 8

FIOR K=71(CY T Z2(C)
E1(IsC)=B1(IsC)+A(K,I)
R2(TyCI=RP(TICr+A(KyI)"2
NEXT K

FOR J=73{0) TO 74<(L)
RI(T+CI=RICTLCI+ACLT)
RA(TyCI=RA(TLO+A(ITI72

NEXT J

NFXT I

RFM T3= LENGTH 0OF KRaASELINE FORTION EXAMINELD
REM T4= LENGTH OF FEEDRACK FORTION EXAMINED
T3=Z2(CH-Z21(¥+1

T4=Z24(CHY~-Z3(C)+1

REM lil= AVFRAGE VALUE OF RASELINE

RFH N3= AUERAGRE VALUE OF FEEDBRACK

REM D3= ARSOLUTE DIFFERENCE RETWFFN AVERANF Val HFS NF FR % RL
RFEH Na= % NIFFFRFENDFE RETWEEN AVERAGRE VALUFS OF FR 3% BL

REM %= STANDARD DEVIATION OF BL VALUES

REM A= STANDARD NEVIATION OF FR VALUES

FOR I=1 TO 8

DICTT)=RI(ISCI/T3I

20T+ C)=RI(T£H>/TA4
NICTC)=N2{(TCV-T11(T+C)
DACTYyCH)Y=(R2(TICH/0N1(TIC)-1)%100
X1=TI¥kRI(T,C)-RI(IsCI ™2
X2=TAXBA(TyCH-BI(TICH72
DSCTyCI=BRAR(XIA(TIR(T3I-1)))
DO6(TC)=8RR(X2/(TAX(T4~1)))

NEXT I

REM XKXKXEKKEKKKKKEXK RASELINE SESSION XXKXKKKKKKEXKEKKKKXKKKK KK KK KKK
REM EsyF= SUM(wyg)

REM GrH= (SUM{xy) - SUMGISUM(w)I/NI/{N-1Y = Suy

REH Ted= Suu/8uSy = Ruy

DIM EL1C(C1YsE2(C1YSEI(CI)SsEA(CIIyES(CL)»ES(CI)yE7(C1)EB(CI)yFF(LCTL)

DIM EQ(CIYsFI(CI)sFR(CI)sFI(0IYsFA(LL)«FS(DL)FA(TT)YF1(C1)»yG2(C1L)
DIM G3(C1)»B4(C1)sBS(C1)sBA(CL)SG7(C1)y6B(CL1)RF(CI)GO(CLISHI(OL)
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930 DNIM H2(C1)yHI(CI) s HACCL Y yHG(DTI Yy HA(CI) » TI(C1Y 2 I2(C1 ) s IZ(CTIY»TACCT)
240 NIM IS(C1)sI6CC1)sI7¢C1)+IB(CIY»TIR(CL)»IOCCL)»JI(CLY»JR2(CY)» AZ(C1L)
S50 DTM JA(CI)» AS(CL1)»J6(CT1)

9460 F1=0

?70 E2=0

280 E3=0

P90 E4=0

1000 ES=0

1010 F&=0

10206 EV=0

1030 ER=Q

1040 E9=0

1050 FEO=0

1040 Fi1=0

1070 F2=0

1080 F3=0

1090 FA=0

1100 FS=0

1110 F&=0

1120 FOR K=31(C) T 220

1130 E1(C=F1(CY+Aa(RKe1IXA(K 3D

1140 E24(C)=F2{(0)+A(Ky1IXA(K,S)

1150 E3(CHY=EI(YHA(R» 1 YRARIK 7))

11460 EA(CY=EA(CI+A(KyZIVXKAIKy5)

1170 ES(CY=ES(CI+ACRs3IXAIK Y 7)

1180 EAILI=EL&(CIYHA(K s DYXKA(K 7))

1190 EZ(DI=E7(Cr+A(Ks1IXA(K 2}

1200 EB(CH)=EB(CI+A(K»3IXA(KN s 4)

1210 ER(CI=EQ(CI+A(KyTIXKA(KS)

1270 EO(CI=FEO(CI+A(K«71KA(N8)

1230 FLOO)=F1(CY+A(Ke2)XA(K,4)

1240 F2AMY=F2{C)+A(RsTIRA(K b))

1250 FAI(D)=FI(CI+A(K«2IRA(K:B)

1240 FA(M=FA{I+A(Rs4)KA(K &)

1270 FROCY=FS5(LY4+A(RKs 4 RA(K8)

1280 FAIMI=FAIM)I+AIKs&IXA (R 8D

1290 NEXT K _
1300 REM  R0K 30K KKK KK K K KK KKK 30K K K K3 0K 3K 5 0K 0K 0K 303K K0K KKK 30k K ok ko ook koo ok
1310 GUD)Y=(E1(D)-R1I(1+DIRRI(IICHI/TII/(T3-1)
1320 G2AC)=(EQ(L)=-R1 (1 +CHXRRIC(S.CH/TEIV/(TE-1)
1330 RICI=(E3(CY-RI(L1sCIKRIC7.0)/T3)/(T3~-1)
1340 GACCI=(EA(C)Y-RI1I(3»CIXKRI(SCH/TI)/(T3-1)
1350 GS(L)=(ES(CI-BI(3syCHIXRRI(Zs2)/T3V/(T3-1)
1360 CA(LI)=(EA(C)-RI(S,CIXRI(7,C)/T3)/(T3-1)
137G S7(CY=(E7(C)-R1(1yCOXRLI(ZSCY/TI}/(TI-1)
1280 G8(CI=(EB(LC)-RI(3+CHXRRI(4,CH/TI)/(T3-1)
1390 BF(CI=(EQ(CI-RI(S+OIRRICACY/TRY/(TE~1)
1400 RO(CI=(EO(L)-B1(7sCHIXRI(R,CI/TI)/(T3-1)
1410 HI(CY=(FI1(CY-R1(2CIXR1(4,C)/T32/(T3-1)
1420 H2U(C)=(F2(C)-R1(2yCIXKRLI(6,CH/TII/(T3~1)
1430 HI(CY=(F3(CY~-RI(2yCHIXRI(B8sCI/T3I/(TI~1)



1440
1450
14460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
161G
1620
1630
1640
1650
1640
1670
1680
1690
1700
1710
1720
1730
1740
1750
17460
1770
1780
1790
1800
1810
182¢
1830
1840
1850
1840
1870
1880
1890
1900
1910
1920
1930
1940
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HA(CH)={FA(C)-RI1(4»CIXRI(4,CI/T3)/(T3-1)
HA(CIY=(F5(C)Y=-R1{(4CIKRI(BLCH/TII/(T3-1D
He(E)=(F&(C)Y-R1{(&sCIXKRI(BYCI/TI)/(T3-1)

T1(R)=61(C)/(NS(1+CIKNT(3SCH)
12(C)=62(C)/(NS(1,CIXNT(5+C))
TI(CHY=6GI(C)/ (NS yCIKDS(7+C))
TACC)Y=RA(L) /(DS (3yCIKDH(5.C))
TS(CY=R5(C) /(NS (3, CIKNT(74C))
T6(CI=RE(CY /ITIR(SH«CIXUSR(T o))
T7(C)=67(0)/(NSC1,CIRNS(2,0))
TR(C)=GB(N) /(IS (3yCIKDS(4,0))
I9(FY=R9(CY/(NS(SCIKNG(AC))
TO(EY=ROCC) /(DS (7yCOKDT(B,C))
J1(C)Y=HI(C) /(RS (2, CIKDS(4+C))
JRCC)=HR(C) /(DIS(2+CIKDE(6+0))
AZ(EY=HI(C)/(NG(2,CIRNT(RIC))
JACTI=HACT) /(TS (45 CIKDTCA0))
AS(CI=RE(0) /(NG CAvCIKNS(RC))
JACEY=HE(C) /(TG (SrCIKDT(BC))

REM XXKXKEKKKKKX¥kk¥x FEEDRACK SFSSION

KEKEKKKKEKKKKK KKK KKK K K KKK

REM Kel.= SHMxy)
REM MeN= (SUM{xyg) - SUM{)SUM{()/NY/(N-1) = Euy
RF M DsF= Sxuw/8uS8y = Ruy

DIM KIC(CIYeRK2(C1)sKI(C1) s KA(CIY s KG(C1) s KA(OLT) s KZ(LIY P KE(CL) yKF (1)
ODIM KO(CI)eKO(TI) el 1(LIYSL2(C1) o L3(NI) o LA(NTI) LGN 2 LAIDT )Yy M1 (1)
DIM M2(NI)syMI(CL) o MA(CI) e ME(CI) s MA(CI) s M7(C1) s HMR(CL) »yMI(LL) yMO(LCTL)
DTH NI(DI)eN2(CIIsNI(CIIsNAC(CTI) o NG(DT) sy NA(CL) »DI(CI) » 0211 »03(C1)
DIM 04(CIY«eNS(C1)»06(C1YeN7(C1)Y08(C1)s0P(L1) 00N WFILLIILFRC0T)

NIK PI(C1)sFPA(CTIY s PS(CL) s FACLT)

Ki=0

K2=0

K3=0

Ka4=0

K&=

Ké&=0

K7=0

K8=0

KQ@=0

KQ=0

L1==0

L2=0

b 3=0

La=0

LS=0

L &=0

FOR K=2Z23Z(C) T 74(0)
RI(C)=K1(Cr+a(ky1I)XAK,3)
K2(CY=K2{CHY+A (K1) XA(KsE)
RKI(CI=KI(CIY+A(Ky1IXA(K 7))
KA(CI=K4(CI+A(KyIIXA(KYS)
KB(CY=KG(CI+A(Ky3IXA(K 7))
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1950 K&(CI=KA(CI+A(KR»SIXKA(K Y 7)

1960 K7(CH=K7(CI+A(Ks1IXA(K»2)

1970 KB8(CI)=KB(CI+A(K»3)XA(KNs4)

1980 K(CI=KP(CI+A(K»I)IXKA(K &)

1990 KO(C)=KO(CI+A(K»7)XA(K»B)

2000 L1(CHI=L1(CI+A(Ks2IRA(Ks4)

2010 L2(CH)=L2(0)+A(Ky2IXA(Ks6)

2020 L3I(CHI=L3(CI+A(Ky2IXA(K s &)

2030 L4(C)=LA(CI+A(K4)IXAL(KS)

2040 L3(CY=LB(CI+A(Ks4)XA(KB)

2050 LA =LAICI+A(RKy6IKACRRD

20860 NEXT K

2070 REM  RKKKKOK0K K KK KKK KK KK K KK K KKK 0K K KK KKK OKOK KK XK KOO KOR XXX K KKk XX
2080 MI(CI=(K1(CIY-RI(1yCIXKRI(ISLCH/TAY/(TA-1)
2090 MRACHI=(K2(CHI-BICI+CIXRI(S,CH/TA)/(TA4-1)
2100 MA(C)Y=(KACI-RI(1SCIXRI(7,0)/T4)/(T4~1)
2110 MA(C)HI=(KA(C)I-RI(I»LHIXRI(T,CI/TA)/(T4-1)
2120 MS(C)=(KS(CI~-RI(IyCIKRI(7+C)/TA4Y/ (T4~
2130 MA(L)=(K6(CHI-BI(SH»CIXKRI(Z0C)/TA4)/(T4~1)
2140 MZ7(CHI=(K7(C)H)-RI(IsCHXKRI(2CI/TAY/(TA-1)
21580 MB(C)Y=(KB(CY~RI(FyCIXKRI(4,1/T4)/(T4-1)
2160 MOUIC)=(KP(C)-RA(S,CIXKRICELLCI/TAI/(T4-1)
2170 MO(CYI=(RKO(C)~-RI(Z«CHXRI(BCH/TA)/(T4-1)
2180 NI(D)=(LI(CY-RI(2sTIXKRI(4,0)/TA4Y/(T4-1D
2190 N2ACHI=(L2(C)I-KB3(2H»CIKRI(H6CHI/TA)/(T4-1)
2200 NAI(DI=(LA(CI-RI(2,CHXRI(BLLI/TA)/(T4-1)
2210 NAC)HI=(1L.4(C)Y~RI(AyCIXRI(L,CI/TAY/(TA4-1)
2220 NS(MY=(L 5(CY-RI(45CIRRI(B,CY/TE4Y/(T4~1)
2230 NAML)Y=(LA(CI-BI(H+CHIXKRI(BHCI/TH)/(TA~1)
2240 NIICHY=HKI1(CY/ (DAL CHIXKDE(IAL))

2250 020K =M2I0)A(TECL s XIS (S C))

2260 NI(CH)=HMI(CI/(NR&(1yCIYXDSE(T7+C))

2270 DACHI=MA(C)I /(TS (3HyCIXDGE(GL))

2280 OS(CIY=MI(CY/(NA(IyCIKDLE(7+C) )

P290 DADI=MAID) /(UGS CIKUA(T D))

2AOO NFLCI=M7(0Y/(NMACT «CIYRTA(200))

RT10 OR(CY=MBIC)Y/(NA(3yCIXKNSE(A())

2320 09I =MR(CHY/ (DA CIKNA(LL))

2230 00(CH=MO(C)Y/(NA(7yCIXTE(BIC))

2340 PI(C)=NI(CY/(DAC2CIXNECAL))

P250 F2(CHI=NZ(C)/(BS(2:CIXBE(H,0))

23A0 PIICIY=NI(CY/(DS(2yCIXNS(85C))

2370 FA(C)=NA4(CY/(DSH(A4yCIXUL(LIC))

2380 PS(CIY=NS(CI/ (D64, CHIXRDE(BL))

2390 FA(C)I=NAILY/(TIA(AYyCIXDE(BC))

2400 NEXT C

2410 RETURN

2420 REM XXXXXXX¥XXX FROCESSED DIATA TABRLE SURROUTINE  XXKK¥ KKK XK KKK KKK KX
2430 FNOR I=1 TN 8

2440 FAGE

2450 PRINT k%X ®*3T#"%xx*®



2460
2470
2480
2490
2500
2510
2520
2530
2540

s

AR

25460
PERTO
2580
2990
24600
2610
2620
2630
2640
2650
2&450
2670
2480
2690
2700
2710
2720
2730
2740
2750
R7A0
2770
2780
2790
2800
810
2820
2830
2840
2850
2840
2870
2880
2890
2900

2910

29320
2930
2940
2960
2960
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FRINT *°

Ug="80I BL"*

X$=*"S0 FG*

FRINT USING 2500:"FTLF "+ "AUG RL"2"AUG FS*"+*CHANGF "y "XCHANGE" s VS X%
TMAGE 33X 48y 7Xs6A54X:6Av4%XsbArSXr 703X »TA»OX+5A

FRINT *°*

FOR C=1 T0 (1

FRTI UST 2%A40W(C) sy D1ICTIsCYeD2C¢TsC) s RI(TsCd o NACIyCI s DS(TI s BE(T )
THARFE A% 2N+ 33Xy 2(SX s 2N .2NY o SX s 420, 2N SX s +AD 2N 2(SX 211, 2T1)
NEXT C

MOUE Os10

FRINT ° XXX FRESS UDK-2 TO COMTINUE XX%x°*
SET KEY

WAIT

NEXT 1

RETURN

REM XKEKKKKKKXKX CORREI ATION SUBROUTINE XKKKERKKAORKKKKKICKKR KR K KKK KKK K
FOR C=1 TO C1

FAGE

FRINT "FILE: "sW(D)

FRINT *°

FRINT * CORRELATION COEFFICIENTS *

FRINT *°*

FRINT *Easeline Feriod Fuamined!"sZ1(C)#"="*5Z22(0CH)%" min."
FRINT *Feedhnack Feriod Examined!®*$Z3(C)i*-"3i74(C)3" min."
FRINT **

FRIMNT * EASFLINE FERIOD®

FRINT "MEAN VALUES®

FRTNT USING 27501 "Rab="sT1(C) sy "Rac="»I2(C)y *Raa="»I13(()
THABE X(Aay+1D0.20215X)

FPRINT USING 27703:"Rbe="yT4(C) s "Rhad="»I5(C) s "Red="»I16(0C)
THMADBFE Z(4A++1N.2N15%)

FRINT *°*

FRINT *STaANDARD DEVTIATION UValLUES®

FRINT HSTNG 2810t *Rab="v l1(0)y *"Racz e I2(CYe "Rad=".13(1)
IMAGE I(4A+1T.20s15X)

FRINT USINGA 2830 "Rhe="vJA(C)Yy *Rbd="y JS(L)Y s "Roa=" e JA )
THAGRE (44 +1D,. 2N 15X)

FRINT *°

FRIMT *"MEAN-STANLDAFRT TIEVTIATION VALUES®

FRT HST 2870!'Rea="»J7(Cly "Rbh=*yIR(C)» "Ree="yIF(Cry "Rod="sTO0(C)
THAGE 4(4a+«+10,20,12X)

FRINT *°*

FRINT * FEELRACK FERIOND"

FRINT *°

FRINT "MEaAN VALULES®

FRINT USING 2930:°FRzb="s01(C)sy "Rac="y02(C)y "Rad=",03{(0)
IMAGE 3(4as+1D.20»15X)

FRINT USING 2950!"Rbc="y04(C) s "Rhd="»053(C) s "Rod="»06(()
THAGE 3(4Ay+1D0.20,15X)

FRINT *°*



2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
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FRINT *STANDARLD DEVIATION VALUES® :

FPRINT USTING 29901 "Rab="sF1(C)y "Rac="sF2(C)s "Rad="»F3()
IMAGE 3(4As+10,20,15X)

FRINT USING 3010:"Rbe="yP4(C)y "Rbd="yP5(C) s "Rod="yF&(L)
TMAGE 3(4A,+1D.2N1y15X)

FRINT *°*

FRINT "MEAM-STANDARD DEVIATION VALUES®

FRT HST 30501'Raz="y07(C)y "Rhb=*y0B(C)» "Rec="+02(0) s "Rdd=",00(C)
IMAGE A4(4A.+10,20,12X)

SET KEY

WalT

NEXT C

RETURN
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APPENDIX A-5

EMG PROCESSING
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EMG Proceésing

With regard to the arrangement of two active and one reference el-
ectrodes per muscle site rather than one reference electrode for all sites,
this is a particular arrangement by the manufacturer of the myographs.

The processing of the filtered EMG is unique to Autogen myograph
systems and is referred to as integral averaging. The filtered EMG is rec—
tified, integrated, and scaled/divided by the time constant of integration,
which in the Autogen 1700 is 50 milliseconds, and the output signal is cal-
led instantaneous ‘integrated EMG (IEMG). This process is said to be super-
ior to peak-to-peak and RMS methods for EMG feedback applications and "the

integral average amplitude is the constant DC voltage which will transfer a

charge equivalent to that of the electrical waveform".Y It has been defin-

jT
Ravg =/ 0 Jaldt

T

ed by the formula:

In order to smooth the instantaneous IEMG so that it could be
sampled at 1.25 Hz., it was necessary to oconstruct an RC circuit through
which the instantaneous IEMG passed prior to sampling by the Tektronix 4051

computer., The following circuit was used:
10 K
R ——VAVAV,Y -
n + 220 uF out

1'E‘reeman, J.A. Integral average, RS, and peak-to-peak: A comparison of
EMG detection techniques. Autogenic System Incorporated, Berkeley, Califor-
nia, 1976.





